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ABSTRACT
My personalinterestto the term "sustainability"comesup with the cl<?se
examinationof theconceptof energyefficiencyandtheclearthreatsto our environment
letmeto makeanintensivestudyonthesubject.
The aimsof this thesisare;to definethe problemsurbanenergyconsumption
causes;to indicatethenecessityof reducingthis energyconsumption;to indicatethe
importanceof planningandurbandesignto achieveenergyefficiencyandconservation;
to describeenergyefficienturbandesign; to identifyenergyefficienturban·design
processandits variablesin a convergentmanner;andto providea detailedtheoretical
supplyto servefor furtherstudyonthissubject.
The theoreticalknowledgegivenin thethesisis basedupona wide, intenseand
rangedliteraturesurvey.Ontheotherhand,thepragmaticapproachwhichis builton the
combinationof thetheoreticalpieceswith a closelook at Izmir exampleis basedon the
descriptionof theinfluencesof climate,builtenvironmentanddevelopmentandplanning
processonenergyconsumptionandenergyconservationstatusof Izmir.
With respecto theclimaticdataanddevelopmentpatternof Izmir, it canbes.aid
that any attemptto provide energyefficiencyshould containreductionof energy
consumptionboth in coolingandheatinghowevertheprioritydiffers·accordingto the
propertiesof thesiteandmicroclimate.Centralareasof thecity,dueto theexistenceof
heatisland,experienceoverheating,lacking-of ventilation..In theseareascoolingbas
priority_Thereforeit is requiredto reducetheheatislandeffectandtheenergyusedfor
cooling.On theotherhand,newdevelopmentareas,for instancenorthgrowthaxisof
Izmir, have lower air temperaturesbecauseof being not completelydeveloped.
Therefore,it is requiredreductionsin energyusefor heating.Also in orderto preventhe
formationof heatislandandto providethermalcomfort,it is requiredcoolingstrategies
In summer.
Energyconservationandefficiencyconceptsarenotcommoninour planningapd
designpractice.However,energyefficiencymustbeachievedthrougha complementary
tJrbanplanninganddesignprocess.Theconceptshouldbeadoptedintomasterplans·~nd
regulationshouldpromoteenergyconservation;
oz
"Surdurulebilirlik"terimine olan ilgim, "eneIji etkinligi" kavrammmderin
ara~tlrmaslile somutla~lrken,ya~adlglmlz~evreyeyoneliktehditve tahriplerin,nitelilcleri
venicelikleribukonuuzerineyogunbir ~ah~may pmamanedenolmuptur.
Tezinama~lan;kentseleneIjikullammmmnedenolduguproblem1eritarumlamak;
buenerjituketiminiazaltmamngerekliliginigostermek;planlamamnve kentseltasanmm
eneIji etkinligi ve salomffil'saglamadakioneminivurgulamak;"eneIji etkin kentsel
tasanm"ltammlamak;eneIjietkinkentseltasanmsurecinive degi~kenlerinibutunculbir
yakla~lmlaortayakoymak;bundansomayapdacakolanyah~malarakaynakoImasliyin
bukonuyaili~kinteorikbilgileridetayholaraksunmaktlr.
Tezde verilenteorik bilgiler geni~,yogun ve diizenlibir literaturtaramasma
dayanrnaktadlr.Diger yandan,tezin i~erdigipratikyakla~lm,ki teorik bilgilerinIzmir
omegi ile ili~kilendirilmesiuzerineoturtulmu~tur,iklim, yaplh yevreve planlamave
geli~imsiire~lerinin,izmir'in enerji ruketimve enerji sala.mmdurumJan iizerindeki
etkileriniyermektedir.
iklim verilerive izmir'inkentselgeli~imdokusu~unugosteriyorki; eneIjietkinligi
saglamakiyin yapdacakbir yah~mahemIsltma,hemde sogutmadatiiketileneneIjinin
azaltJlmaslmiyermelidir.ISltma veya sogutmamnonceligi alamn ozelliklerine ve
mikroklimayagoredegi~ir.
Merkezi alanlarda ISI adasl etkileri yiiksek slcakhklara ve havalanma
yetersizliklerinenedenolmaktadlr.Bu alanlardasogutmaon plandadlr.DolaYls1yla, ISI
adasletkisive sogutmai~inkullamlaneneIji miktanazaltlImalldlr.Diger yandan,yeni
geJi~mealanlan,omeginizmir'inkuzeygeli~meaksl,tamamenyaplla~maml~oldugundan
dahadu~iikhavaslcakllklannasahiptir.Bu durumdaIsltmaiyintiiketileneneIjimiktanmn
azaltdmaslgerekirken,aymzamandaIS1adaslolu~umuengellenmelive termalkonfor da
sagIanmahdlr.
EneIji salomffil ve eneIjietkinligikavramlanplanlamave tasanmpratigimizde
heniiz yer almamaktadlr.I>ubir ger~ekki, eneIji etkinligive saktmffilbiitiincul bir
planlamave tasanmsureciilesaglanmahdlr.EneIji etkinligikavraffilmasterplanlardayer
almahveyapl1anrnako~ullaneneIjietkinligisaglamahdrr.
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Chapter 1
INTRODUCTION
Energy consumptionin the developingworld has grown tremendously.The
increasein consumptiondependson manyfactors,however,urbanizationcangenerally
beacceptedasa primecause.
The levelof urbanizationdeterminesthepatternof energyconsumptionin the
city.The growingpopulation,increasingincomehas resultedin greaterdemandfor
transportation,accommodationand accommodationappliances,especially space
conditioningdevices.
At thatpoint, it can be saidthaturbandesignhas a significanteffecton-the
conservationandefficiencyof energy.However,therationalefor energyefficientdesign
is not so much the need to conserveenergyper se; rather reductionin energy
consumptionfor sustainablenvironmentsandfor the ecologicalhealthof the whole
planet.
Any progresstowardsa sustainablefuturewill requirelargepercapitareductions
in theamountof energyrequiredfor buildingconditioningandtransportation.Many of
thegainsto bemadein thisarealie in therealmof theimprovedbuildingtechnologies
andimprovedvehicleefficiencies.Nevertheless,it is certainthat site and community
designfactors can powerfully affect the amount of energy required·for space
conditioningandtransportation.
1.1.The Methodology
Thethesisis composedof two approaches;theoreticalandpragmaticapproaches.
The theoreticalapproachis basedupon a wide, intenseand rangedliterature
survey.The aimis to gathertheavailabletheoreticalknowledgeaboutenergyefficient
urbandesignandto providea detailedtheoreticalsupplyto servefor furtherstudies.
The subjectitself is a·reallyan overwhelmingstudy.But becauseof its·wide
content,it was hardto makethe borders.On the otherhand,while doing literature
survey,to accessthe resourceswhich·are directlyrelatedto the subjectwas quite
difficultasmostof theinvestigationshasfocusedon technicalcharacteristicsof energy
andsomebasicresourceswhichwereearliestpublicationsarenotavailable.
Thepragmaticapproachis builton thecombinationof thetheoreticalpieceswith
a closelook at Izmir example.Energyconsumptionis high·in Izmir and the·city is
troubledseriouslywith thisfactsuchas;cutsin electricitysupply,air pollution,climate
changes-overheating,heavyrains,flood-etc.
Firstly,in orderto determinenergyefficientenvironmentsandto reduceenergy
consumptionin Izmir,theen~rgyconsumingfeaturesandenergyrelatedproblemsof the
cityareconsidered.Theseare;sectoraldevelopment,urbanform andgrowth pattern,
transportation,the relationbetweenthe built environmentand the urbanclimate,aIr
pollution,theplanningprocess.
The emphasisis given on the descriptionof the influencesof climate;built
environmentanddevelopmentandplanningprocess.
The climaticcharacteristicsof thecity is expressedaccordingto the datataken
fromthreemeteorologicalstations.The observedvaluesmostlydependon the location
of thestations.GUzelyalistationis locatedin thehighdenseurbanareawheretheeffect
of heatislandis exactlyseen.The stationin Bornovais alsoaffectedby theurbanareas
aroundit. Howeverin <;igli,thestationis locatedon anopenareawhereit facesthesea
effects.
Any attemptto provideenergyefficiencyshouldcontainreductionsof energy
consumptionboth in coolingandheatinghowevertheprioritydiffersaccordingto the
propertiesof thesiteandmicroclimate.
First of all, theheatingand·coolingperiods,in otherwor~sheatingandcooling
degree-daysof thecityarecalculated.Everydayin whichthedailytemperatureis below
18.30C is equalto a certainnumberof lIDO units.The calculationscharacterizethe
climateof thecityby hot long summersandmildwinters.In addition,thecalculations
showthat<;iglihashigherHODs andlowerCDDs theBornovaandGUzelyali.
At thatpointtwo statementsaremadeastheproblemdefinition.
Statement1:Centralareasof Izrnirexperienceoverheating,lackingof ventilation
dueto theexistenceof heatisland.In theseareas,in orderto achieveenergyefficiency
theheatislandeffectshouldbe reducedand/orto reduceheatislandeffect,ene•..gy
conservationshouldbeprovided.
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Statement2: Locatingattheouterzones,newdevelopmentareashavelowerair
temperaturesthan central areas both in summerand winter. Reducing energy
consumptionfor heatinghaspriority.
Accordingto thesestatements,planninganddesignguidesareestablished.
Besidesmicroclimaticfeaturesandtherelationbetweenthebuiltenvironmentand
the componentsof the microclimate,building regulations-legitimatetools- are
consideredasa variableof energyefficienturbandesign.Zoningregulationscanprovide
thereductionof energycons4mptionfor spaceconditioningandpromotetheuseof solar
energy.For thisreason,thecurrentbuildingregulationsareevaluatedin thecontextof
energyefficiency.
The angleof comingsunlightis importantfor thecalculationof theamountof
requiredsolar accessand shadingduring the day, and moreoverduring the year.
Therefore,at the evaluationof the ordinancesrelatedto the locationof buildingsin
relationto eachother,the distancebetweenbuildings,setbacks,buildingheights;in
accordancewith the solartimein Izmir, the sun anglevaluesandshadowdepthsfor
buildingsof IS.SOm.and24.S0m.in heightare calculated.The winter and summer
solsticerepresentextremeconditionssuchasthehighestor thelowestpositionof thesun
sothelongestor theshortestshadowof theyear.
The reviewof thecurrentbuildingregulationshowthattheydo not encourage
providingenergyefficiency.
Finally,a check-listis formed.Thepurposeof thistableis to testtheefficiencyof
anexistingsettlementor a projectundertheinfluenceof pre-definedvariablesand/orto
leadthe designersand developersfor new developmentswit~ the aim of energy
efficiency.Egekent-2 MassHousingAreais evaluatedaccordingto thischeck-listasan
example.
The aim of the evaluationis not to say whetherthe selectedareaIS· energy
efficientor inefficient.,howeverto determineatwhichpointstheareaor theplanprovide
efficiencyor atwhichconditionsit is inefficient.
The reasonfor choosingEgekent-2is thatEgekent-2ResidentialArea is located
on the north growth axis of Izmir. This axis has not completelydevelopedyet. Its
microclimatehasnot entirelyaffectedby the urbanization.Therefore,a studyon this
regionmaytakeattentionandbeareferencefor newdevelopments.
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Chapter2
ENERGY IN THE NATURE AND ENERGY IN THE WORLD
2.1.EnergyIn TheNature:FiniteLimitationsoftheUseofEarthEcosystem
Theearthandthebiosphere,thesystemthatweandallotherlivingthingslivein,
canbeconsidereda "closedmaterialsystem"witha finitemass.Ecologically,theearth
canbeconceivedasaunit.
This spatialunitnessformedby the interactionsof boththe biologicaland
physicalenvironmentcanbetermedas"ecosystem".The functionsin theecosystem
includethetransformation,circulationandaccumulationfmatterandtheflowofenergy
throughnaturalprocesses.(Yeang,1995)
It is knownthattheformationof allmineraldeposits,whetherfuels,metalsor
othershavetakentimeandwe,peopleareconsumingthemfasterthantheyarebeing
naturallyregenerated." Theavailabilityof resourcesatanyparticulartimeistheresultof
the interactionamongthe natureand size of humanrequirements,the physical
occurrenceof the resourceandthe economiccost of extracting,producingand
recoveringit. Thisis furtherelatedto people'standardof livingandtheextentof the
patternsofneedthattheydemand."(Yeang,1995;pp:101)
The use of earth'secosystems,energyandmaterialresourcesreqUIresa
conservationconsciousdesignapproach.
" The physicalsubstanceand form of the presentbuilt environmentare
constructedfromtherenewableandnon-renewableenergyandmaterialsourceswhich
arederivedfromtheearth'smantleanditsambientenvironment"(Yeang,1995;pp:97).
So thedesignermustbeawareof non-renewabler sourcesusedin therealisation,
operationanddisposalof thebuiltenvironmentandof theefficiencywithwhichthese
sourcesareutilized.
The builtenvironmentmustbe designedto nurunuzeconsumptionof these
resourcesandto minimizewastes,to optimizeuse,to be moredependenton the
renewableand recoverable,to conserve the resource and to provide the potential and
flexibilityfor its futureuse.
2.1.1.NaturalResourcesandSustainableEnergy
In the first subtitle,it is said that the physical substanceand form of the present
built environmentare constructedfrom the renewable and non-renewable energy and
materialresources.The sourcesof energyandmaterialsfrom the eartharetermednatural
resources. Natural resources are classified according to their availability and
regenerability;replaceableandirreplaceableresources. (Table 2.1)
Table2.1. Classificationof naturalresources
INEXHAUSTABLE RESOURCES
REPLACEABLE andMAINTAINABLE
RESOURCES
IRREPLACEABLE RESOURCES
(cont.)
examplesareair,waterandsolarenergy.
examplesincludewaterin placeandflora and
andfaunapopulations.Theproductionof
resourcesis primarilya functionof the
environmentandif environmentalconditions
aresuitable,theresourcein questionwill
continueto beproduced.The impairmentof
theenvironmentwill resultin reduced
productionof theresource.
examplesincludeminerals,soil,fossilfuels,
landandlandscapein thepristinecondition.
Theseresourcesaregenerallyconsidered
irreplaceablein relationto therateandtype
of humanexploitation.Themorethatis used
now,thelesstherewill beavailablefor the
future.
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(Table2.1. cont.)
METALLIC MINERAL
RESOURCES
Abundantmetals
iron, aluminum
chromium,manganese
titanium,magnesium
Scarcemetals
copper,lead
zinc,tin,tungsten
gold,silver,platinum
uranIum,mercury
NONMETALLIC MINERAL RESOURCES
mineralsfor chemical
fertilizersandspecialuses
sodium,chloride,phosphates
nitrates,sulfur,etc.
mainlybuildinguse
cement,sand,gravel
asbestos,gypsum,etc.
lakes,rivers
groundwater
ENERGY RESOURCES Limitedandnonrenewable
energysources
fossilfuels;coal,oil,
naturalgas,oil shale
materialscapableof
nuclearfissionor fusion.
continuous-flow
energysources
directutilization
down-flowof precipitatedwater
tidalresponseof water
geothermal
windpressure
climateenergy
(Source:adaptedfromYeang,1995)
indirectutilization
photosynthesizedenergy(e.g.wood)
wasteproductsusedasfuel
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2.1.1.1.SustainableEnergy
The term " sustainable nergy" refers a numberof practises,policies and
technologieswhichseekto provideus with the energyuseneedat the leastfinancial,
environmentalnd social cost. Sustainableenergycan be divided into two major
groupings:energyefficiencyandrenewablenergy.(DOE, 1996)
EnergyEfficiency;
Energyefficiencyencompassesthe policiesor practiceswhichhelpto evaluate
thefullcostof energychoicesandto getmoreoutputfrom a unit of energy.Energy
efficiencyincludes:
- demand-sidemanagement:practicesor policiesundertakenby energyplanners
thatencourageusersto employenergymoreefficiently
- integratedresourceplanning:practicesthathelpevaluatethe total costsand
benefitsof bothsupply-side(generation)anddemand-side(end-useefficiency)options,
in orderto employthe mix which will provide energyat the least financialand
environmentalcost.
- generation,transmissionanddistributionefficiency:practicesthatimprovethe
efficiencywithwhichelectricityis generatedanddeliveredto end-users.
- end-useefficiency:practicesthatimproveenergyefficiencyat the levelof the
finaluser.This categoryincludesnearlyall electricityusingandthermaltechnologies,
suchasmotors,lighting,heating,ventilating,air conditioningand appliances.It also
includestechnologiesthathelpconserveorbetteruseof energy.
RenewableEnergy;
Renewableenergyincludessourcesof power that are replaceableand often
locallyaccessible.It includes;
- solarpower:solarpowerincludesactive,passiveandphotovoltaictechnologies
andpractices.
- biomasspower:biomassrefersto biologicalsourcesof energylike wood and
agriculturalwaste.Biomassenergytechnologiesmayburnthesefuelsfor heator power
generationorconvertthemto liquids(suchasalcohol)or gas(suchasmethane)for later
combustion.
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- othertechnologieslike wind power,hydro-electricgeneratorand geothermal
power
2.2.EnergyIn theWorld and In Turkey
Energyis theconvertiblecurrencyof technology.Withoutenergythewholefabricof societyas
weknowitwouldcrumble;theeffectofa 24hourcutin electricitysuppliestoa cityshowshowtotally
dependentweareonthatparticularlyusefulfromofenergy.
Computersandliftsceasetofunction,hospitalsinktoa careandmaintenancel velandthe
lightgoout.As populationgrow,needformoreandmoreenergyis exacerbated.Enhancedlifestyleand
energydemandrisetogetherandthewealthyindustrializedeconomieswhichcontain25percentof the
world'spopulationconsume75percentoftheworld'senergysupply.
Unfortunatelythis insatiabledesirefor moreandmoreenergycanbe metby burningthe
world'sreservesof fossilfuelsor wood.Ninetypercentof worldenergyis providedby burning one
hydrocarbonfuelor anotherandtheinescapabler sultis to addmorecarbondioxideto thealready
burdenedatmosphereandso increaseglobalwarmingwith its attendantdestabilizingeffecton the
weathermachine.Theinsulatingeffectofthecarbondioxideblanketis causingtheworldwarmup.
Acid rain,largelyarisingfromthecombustionof fossilfuelfor electricitygenerationis also
contributingtothedegradationof ourenvironment.Dyingforests,sterilelakesandcorrodedbuilding
are all now bearing witness to the folly of unrestrainedcombustionof our fuel
reserves.(Dunderdale,1990)
Using energyis not an aim howeverit is a tool. There is a requirementfor
sufficientenergyasa resultof a certainservicesandtherearemanykindsof alternative
technologiesandenergysourcesto meetthatneed.
Thereis anessentialrelationshipbetweendevelopmentandenergyconsumption.
Energyisthebasicinputof economicandsocialdevelopment.Technologicalinnovations
affectsocialandeconomiclife inaway,causeincreasein energyconsumption.
2.2.1.EnergyUseIn theWorld
In resentyears,the energycircumstancesof the world havebeenchangingin
fundamentalratherthansuperficialways.For mostof thecountries,theeraof low cost
energyhadended.Energygrowth basedon existingenergy-supplysystems,end-use
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technologiesandend-usepatternsbeginto creategreatermarginalcoststhanmarginal
benefits.
Few analystsexpectthat, the increasein energyusewould be less causefor
concern,if futureenergydemandcouldlargelybemetwithsourceswhoseenvironmental
impactswererelativelybenign.And it is alsothoughtthatthepriceswouldnotbe much
morethantoday'spricesoverthenexttwo decadesastheoil reservesof theMiddleEast
arehuge,gasresourcesarethoughtto belargerthanoncebelievedandtheresourcesof
relativelylow-pricecoalarelarge.
However, "...the costs of fossil fuel use are rising faster than pnces. The
environmentis absorbingmoredamage,and costsare also beingimposedon future
generations.Someof thecostsarenot yetknown,especiallythoseconnectedwith the
greenhouseeffect.Nor dowe understandthecapacityof theenvironmentto continueto
absorbinsultswithoutdamagingeffect."(Schipperand Meyers,1992;pp:331)
The advancedindustrialnationsare rich enoughand technologicallycapable
enoughto mastermostof theproblems.If theychose,thesecountriescouldtoleratelow
orevennegativeenergygrowthandtheycouldaffordto payconsiderablyhigherenergy
pricesto financea transitionto energysupplytechnologiesthat are less disruptive
environmentally.
However,thesituationis difficultin the lessdevelopedcountries.They haveto
industrializetheway the rich did on cheapenergy.But sucha developmentrequires
higherenergycosts- whetherimposedby theworld oil marketor by a transitionto
cleanercosts as a necessarytrade for meetingbasic humanneedsand generating
economicgrowth.
Today, the shareof the world energyuse in the less developedcountriesis
modest,howevertheir populationsize and growth rates and also their economic
aspirationsrepresenta hugepotentialfor futureenergygrowth.If this demandis met
withfossilfuels,it will generatehugeadditionsto the atmosphericburdensof carbon
dioxideandotherpollutantsof regionalandglobalconcern.
The lessdevelopedcountriesaremuchmoreaffectedby globalenvironmental
changes;theyhavesmallerfood reserves,moremarginaldiets,poorerhealthandmore
limitedresourcesof capitaland infrastructure.Global climatechangebroughton by
carbondioxideand othergreenhousegasescould havedevastatingconsequencesfor
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them,suchas;moredry seasonheatanddrought,morewet seasonfloods and storm
victims,morefamineanddisease.
On the otherside,althoughhavinggreatercapacitiesto adoptand adjust,the
industrialcountrieswill alsosufferfromthedirecteffectsof climatechangeastheworld
istoo interconnectedby trade,investment,finance,resourceinterests,politics,porous
borders,... (Schipper,andMeyers,1992)
In developedcountries,the currentunderstandingof marketeconomyforces
peopleto consumemoreandmore.Thatfactbringsup a lifestylethatconsumingenergy
sourceswithoutpity. Cities,buildingsandall equipmentaer shapedaccordingto this
consuminglifestyle.
The solutionof thatproblemrequiresa fundamentalchangein all consumption
habitsandproductionstructures.In short,thatconsuminglifestyleshouldbechanged.
Thatkindof changecouldbedifficult,but possible.However,sucha changein
theproductionareacouldbetheendof economicvitality.In thatcase,the short-term
solutionsare implementedwithoutgiving any harmto the marketconditions.At the
sametime,theenergycrisisis evaluatedas a fashionandthefashionableproductsare
distributedintothemarketas a new profit. Shortly,themarketeconomycontinuesits
vitalitybyusingenergycrisisasanadvertisementequipment.
In undevelopedcountries,thesituationis different.Energyis limitedlike other
sourcesandthereis a regionalunbalanceduse of energy.In thosecountries,at the
productionlevel,foreigndependentpoliciesarepreferred.
Oneof themainconsiderationin energy-environment-developmentpredicament
isthepopulation.Thepopulationcannotbefrozen.Withouta globaleffortatpopulation
limitation,thepopulationof theplanetcouldsoarto 14billionor morebytheyear2100.
Whentoday'scircumstancesi comparedwith future;"supplying5.3 billion peoplein
1990with an averageenergyuse rateof 2.5 kilowattsper person- a total of 13.2
terrawatts- was placingseverestrainson the planet'stechnological,managerialand
environmentalresourcesand crucialhumanneedswere going unmet.Yet for every
billionpeopleaddedto the world's populationat the samelevel of energyuse per
person,newenergysuppliescapableof sustaininganadditionalcontinuousdrainof 2.5
terrawattsmust be mobilized,paid for and their environmentalimpactssomehow
absorbed."(SchipperandMeyers,1992;pp:36)
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2.2.1.1.HumanActivity,StructuralChange,Lifestyle
As populationgrowsandeconomiesexpand,thelevelof energyusingactivities
will increase.In a timeperiod,the importanceof differenttypesof activitieschange
accordingto the technology,lifestylesand consumptionhabits,certainactivitiescan
declinein importancein someregionsor increasein others.However,it is absolutethat
theincreasingactivitywill determinethefutureenergyuse.
Besidesactivityand populationgrowth, the propertiesof populationhave an
additionalimpactonworld energyconsumption.(SchipperandMeyers,1992)
The agingof thepopulationwith respectto continuingdeclinein birthratesand
risinglifeexpectancywill affectenergyusein all sectors.Suchkindof changewill shape
thetypeof goodsthatareproducedandtheservicesthatareprovided.In addition,it will
affectwhereand how peoplelive. The futureelderlymaybe more likely to retire in
warmerlocationswheretheneedfor heatingis less.Theelderlytendto spendmoretime
athomeandmaintainhigherlevelsof indoorcomfortthanyoungerpeople.The higher
lifeexpectancyof womenrelativeto menandchangingfamilystructuresmayleadto
furtherincreasein the shareof single-personhouseholds,whichwould increaseenergy
usepercapita.
Whenwe consider"lifestyle",a key issueis whetherpeopleconductactivitiesat
homeor.travelaway from hometo accomplishthem.However, the energyused in
travelingis almostalwaysmuchhigherthanthe energyconsumptionat home,evenif
traveluses modes with low energyintensity.For example,including the energy
consumptioni spaceconditioning,theprocessof preparinga mealathomerequiresless
energythandrivingto eatoutor pickupalreadypreparedfood.
Ontheotherhand,thehomeis increasinglybecominga placeof work. This trend
willbefosteredby the introductionof new informationtechnology.This will increase
energyusein thehomefor officeequipmentandfor heatingandcoolingbutwill reduce
commuting.
''Whileprovidinga comfortablework environmentfor 100peoplein an office
requiresmuchlessenergythanif those.100peopleeachworkedat home,therelatively
highenergyintensityof commutingusuallyresultsin muchgreateroverallenergyuse."
(SchipperandMeyers,1992)
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Anotherissueis thathowpeoplewill usetheirleisuretime,whiletheagingof the
populationandinnovationsin homeelectronicscould leadto a highershareof leisure
timeat home, out-of-homeleisure activitieswould increaseenergy demandfor
transportation.
In the less developedcountries,the urbanization,incomedistributionand the
massmediawill affectthe lifestyle,in otherwords consumptionpatternsas well as
demandforenergyusinggoodssuchasappliancesandmotorvehicles.
2.2.2.World Energy ConsumptionSince1970
World primaryenergyusegrewby overonethirdbetween1970and 1990.The
averageincreaseoverthesetwo decades,whichhidesperiodsof growthandstagnation
is2.3% peryear.In the1974- 1975and1980- 1983,theworld energyusewassteady
becauseof higherpricesandslowingof economicactivity.However,aftereachperiodof
stagnation,whentherealpricesdeclined,thegrowthcontinued.Between1983and1989
thegrowthwasrathersteady(averaging2.8% peryear)andin 1990,therewas a little
increase.(SchipperandMeyers,1992)
Most of theincreasein energyusehasbeeninthelessdevelopedcountries.Their
shareof thetotalenergyusegrewfrom20 % to 31 % overtwo decades.The shareof
theOECD countriesfell from60% to 48% andtheincreaseintheshareof FormalEast
Blocwasonly 1 % (from20 % to 21 %) becauseof beinginsulatedfromtheeffectof
higheroil prices.The averageannualgrowthin energyusebetween1970and 1990was
1.3% in the OECD countries,2.4 % in theFormerEast Bloc and4.5 % in the less
developedcountries.
There are some reasonsfor these changesin energyuse; first of all, the
populationgrew faster in the less developedcountries.Further, in the processof
economicdevelopment,in the lessdevelopedcountries,theuse of commercialenergy
tentto grow faster than GDP due to developmentof manufacturingand basic
infrastructure.On theotherside,structuralchangein economicactivityandmaturation
ofphysicalinfrastructurehascontributedto declinein theenergy/GDPratio.In addition
tothesechanges,in theconceptof energyefficiency,mostlessdevelopedcountryenergy
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usershavehadfar lessinformation,technologyandcapitalto improveenergyefficiency
thanDECD users.
Figure2.1 showstheevolutionof world energyuseby type.The declinein the
shareof oil is seenin thegraphic(from41% to 36%), buttotaloil consumptionin 1990
wasoverone-thirdhigherthanin 1970.The shareof naturalgashasgrownfrom 17%
to20% andcoalhasfallenfrom28% to 25 %. Nuclearenergyhasseenthemostrapid
growth,theshareis 5 % of totalenergyusein 1990.
Whenthesharesof differentsectorsin totalconsumptionis considered,it canbe
seenthatthedeclinein energyconsumptionis onlyin manufactoringsector(from36 %
ofthetotalto 27 %). Passengertravelincreasedfrom 19% to 22 %, whiletheshareof
freightransportrosefrom7 % to 10%. The residentialandservicesectorsharegrew
slightlywhichis 1%. (Fig. 2.2)
Energy use for transportationhas grown rapidlyas a consequence.In 1988,
around64 % of totalworld transportationwas accountedfor by theOECD countries.
Thesharesof theFormerEastBloc andthelessdevelopedcountrieswereonly14% and
23%.
The total reservesof the world's fossil energysourcesare approximately900
millionto petroleumequivalent.The reservedcoal sourcesare75 percentof the total
valueandtherestof thereservesarepetroleumandnaturalgas.
A greatamountof coalreservesexistin easterncountriesandpetroleumreserves
aremostlyin theMiddleEastcountries.
52percentof thecommercialenergyconsumptiontakeplacein developedOECD
countries.And USA, wherethepopulationis 5 % of theworld's population,consumes
Y4 ofthetotaldemandof energy.
With this rate of consumptionand productionof existingsources,petroleum
reservescanserve40years,naturalgascanserve60yearsandcoalreserves240years.
Energydemandestimationshowthat,in 2010's,theaverageannualincreaseof
primaryenergydemandwill bein therateof 2 %. Amongfossilfuels,naturalgashasthe
greatestdemandvalue(annualincreaseof thedemandwill be 2,5%). In spiteof being
environmentalhazardous,thedemandfor coalwill increaseata rateof 1.8% in thenear
futureandalsotheincreasein demandfor electricitywill be2,8%. (Sahin,1994)
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2.2.3.EnergyEfficiency:StepsToward A SustainableFuture
"A sustainablesupplyanduseof energyis onethatdoesnot reduce,overtime,
thequantityandqualityof goodsandservicesthattheplanet'senvironmental,economic
andsocialsystemareableto provide."(SchipperandMeyers,1992;pp:328)
Thethreemostbasicdeterminantsof theglobalimpactsof civilization'senergy
usearethesizeof thehumanpopulation,theper capitalevelsof variousactivitiesand
thesophisticationof the technologywith which energyresourcesare obtainedand
transformedto supporthoseactivities.
Theefficiencyof energyusingtechnologiesis improving.However,the rateof
thisimprovementcannotbalancethe growthin globalpopulationand increasein per
capitactivitylevels.
Between1973andthemid1980s,a stimulatingimprovementin energyefficiency
occurredbecauseof higherenergypricesandconcernoverthesecurityof oil supplies.
"Realenergypricestodayaresomewhathigherthantheywerein 1970,buttheircurrent
impacton OECD economieshas been largely mitigatedby the improvementsin
energyefficiency."(SchipperandMeyers, 1992;pp:329)In mostsectors,especiallyin
manufacturing,where technologicalprogressis relativelyindependentof changein
energyprices,OECD intensitieswill likelycontinueto decline.In addition,historicand
currentenergyefficiencypoliciesand programshavealso a positiveimpacton the
improvements.
On theotherside, in the developingcountries,energyefficiencywill improve
withstockturn-overanduseof moremodemtechnologies.However,as it is explained
before,theyhaveto industrializethewaytherichdidandthatmeanshigherenergycosts
andtheirgrowingpopulation,increasein percapitaGDP, risein variousenergyintensive
activities,andurbanizationwill leadto majorincreasein energyconsumption.
Emissionof CO2 andothergaseswill causeproblematichangesin theworld's
climateisincreasinglygainingcredence.Someof thecrucialparametersof thesechanges
areuncertainandthecostsaredifficultto quantify.However,restraintin theincreaseof
fossilfueluseor anabsolutedeclinehasbeenidentifiedin everystudyasakeyelementin
dealingwiththe threatof climaticchange.The ideathat improvingenergyefficiency
shouldbe an importantpart of the energystrategyof developingcountriesis being
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increasinglyacceptedby publicofficials,multilateraldevelopmentbanksand bilateral
donoes.Implementationof energyefficiencystrategiesis well behindtherecognitionof
theirimportance,buttherearesignsof progress.
Somekey stepsfor stimulatingmore carefuluse of energy.(Schipperand
Meyers,1992)
• RationalizationIn energypncIng and internalizationIn environmental
externalities;
Without addressingreform of energypnces, promotingenergyefficiencyis
difficult.Environmentalcostsshouldbe internalizedintopricesthroughbothregulation
andtaxation.Governmentshouldbeginwiththosecoststhataremostclearandagreed
upon.Uncertaintyaboutcostsis inevitable,butis nota reasonto puttoff somedegreeof
internalization.
• Improvementin presentenergyusingcapital;The keyareasto addressare
buildingretrofitandindustry.Utility programscando muchto encourageelectricity
savlOgmeasures.
• Implementationof energyefficiencystandardsor agreementsfor new
productsandbuildings;Suchkindof standardsandagreementscangivethemarketa
societalperspectiveaswell asprovideclearsignalsto manufacturersandbuilders.
• Encouragehigherenergyefficiencyin newproductsandbuildings.
• Promote internationalcooperationand technologytransfer;Transferof
technologiesand policy approachesamong developing countries should be
encouragedby strengtheningcommunicationsandinstitutionallinkages.
• Adjustpoliciesthatencouragenergyintensiveactivities;It is necessaryto
adjustpoliciesthat artificiallystimulateor subsidizetravel,automobileuse, large-
singlefamilydwellings,urbansprawlandenergyintensiveindustries.Discouraging
energyintensiveactivitiesor encouraginglessenergyintensiveonescanhavelarger
impactson energyusethanmanyenergyefficiencypolicies.Land useplanningcan
alsoplayamajorrolein reducingtraveldistancesandrelianceontheautomobile.
• Promotepopulationrestraintworldwide;
"People,notmachines,makethedecisionsthataffectenergyuse.Insightintothe
humandimensionof energyuseis keyto betterunderstandingfutureenergytrendsand
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howto acteffectivelyto managethem."(SchipperandMeyers,1992;pp:350)Energy
efficiencyproblemsare closelyconnectedto broaderissuesof economicand social
development."How the built environment,transportationand communication
infrastructuresandagricultureandindustrialsectorof economiesevolvemeansasmuch,
if notmore,to energydemandand energyefficiencyas the efficienciesof individual
technologies."(SchipperandMeyers,1992;pp:350)This is especiallyimportantin the
developingcountires,wheremuchof thefutureenergyusinginfrastructureis still to be
built.
2.2.4.EnergyUse In Turkey
In Turkey, the situationwas that, the sourcesof the countryhad not been
efficientlyusedalthoughthecoalandwatersourcesweresufficientto meettheenergy
requirement.In spiteof evaluatingits own resources,importingpetroleumwasaccepted
asanenergypolicy.
Beingin the developmentprocess,in electricitygeneretion,industryand space
heating,consumingmorepetroleumhasbegan.Givingweighton landtransportationand
increasingcar ownershipresultedas morerequirementfor petroleum.And in 1970's,
withnationalsubvention,thepetroleumpriceswerekeptlow andthatcausedincreasein
consumption,too.
Duringthesameperiod,whentheworldwideincreasein petroleumpricesjoined
withtheunfairnationalenergypolicies,theenergycrisiswasfeltenormouslyin Turkey.
Inthatremendouscrisis,thetakendecisionsasa solutionwereelectricityrestrictionand
importingelectricity.In addition,energyscarcitybroughtenergysaving.However,high
incomegroupscontinuedto consumewhile middleandlow incomegroupshadto do
energysavingbecauseof highpricesandscarcity.
In duetime,two regulationsaboutenergysavingwerepublished.The aimsof
thoseregulationswere,to protectairpollutionin bigcitiesandto providefuel savingin
heatingsystems.So, accordingto thoseregulations,someprecautionshadto betakenin
bothexistingand new buildings.Those precautionswere, to limit the heatdiffusion
coefficientof externalwalls,to reduceheatloss,to increaseoperationalefficiencyandto
improvethequalityof personnelwhoworksintheheatingsystem.(Birkan,1980)
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However,thoseregulationswerepublishedby Ministryof EnergyandNatural
Resourcesfor that reasonneitherpublic sector nor municipalitiestook them into
consideration.
In thepast,morethanhalfof thepopulationwaslivingin theruralareas.In those
areas,thelocationof thesettlements,thearrangementandthe formof buildingswere
affectedby climaticconditions.The form of the buildingswas also influencedby the
restrictedenergysources.
Today, with the increasingmigrationfrom rural areas to the cities, the
"gecekondu"areasgrow rapidly.In thosegecekonduareas,peopleconstructheirown
houses,howeverthatbuiltup sitesarenot conveniento thenaturalenvironmentas in
theruralareas.Becausethemigrantscomeacrosswith differentclimaticconditionsand
theareawhere they have to settlehave unsuitablephysicalconditions.And the
constructionmaterialsthatthayfoundaretheoneswhichtheyarenotusedto usethem
andalsothosematerialhavelow qualityin insulationand in heatstoragecapacity.
Fortunately,byconsideringtheorientation,byhavingfewandsmallopeningsandhaving
smallivingareasand beingcrowdedat the house,they can solvetheir heatingand
insulationproblems.Electricityis usedonlyfor lightingandcoalandwood for heating.
However,despiteall disadvantages,thosekind of areasare moreconvenientto the
naturalenvironmentthantheplannedareas.
In the plannedareaswhere high and middle income groups live, energy
consumptionis higher.Becauseinthoseareastheorientationis outof consideration,the
buildingsarenotwell insulatedandarelargein size.
Housesare producedby privatelyand then sold in the market.In fact, the
number,qualityandthesizeof thehouseshaveno relationswith therequirements.The
consumerhasto buywhathefinds,notwhatheneedsor wants.And in themarket,there
isnopubliccontrol.Municipalitiesonlycontrolwhetherthebuildinghasplansor notor
whethertheplanis appropriateto theregulationsandbuildingcodes.
Besidesnothavingbeneficialorientationandreceivingsufficientdaylighting,the
qualityof constructionandheatingsystemsarealsolow. In thatcircumstances,energy
efficiencycannotbeprovidedinthehousingsector.
Therewereapproximately4 millionold buildingswhichwerebuiltbefore1984.
Andwhile constructingthosebuildingssomeenergysavingprecautionswere taken.
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However,2 millionTEP of energysavingpotentialcanbeachievedwith roof insulation,
doubleglassandreducingleakage.
Buildingswhichwereconstructedafter1984hasbeenacceptedasappropriateto
theregulationsof Ministry of Public Works and Settlements(16 January 1985).
However,accordingto theseregulations,seasonalheatlossfromwindowsandexternal
walls,in differentcitiesbeingat thesameclimaticregionsdiffersfrom eachother.For
thatreson,while determiningaverageacceptableheatloss of buildings,degreedays
shouldbetakenintoconsiderationin orderto removethedifferencebetweentheregions.
If presentregulationswerepreparedaccordingto theEuropeanstandards,thereduction
inenergyconsumptionwouldbehigher.(Keskin,1994)
Besides,insulationimprovements,with the saving potentialof operational
improvementin using stoveand centralheatingand efficientelectricapparatusand
lightingsystems,totalenergysavingpotentialof thecountryreachestheamountof 4,7
millionTEP. And thisamountis equalto the30 % of thetotalenergyconsumptionin
housingsectorin 1991whichis 16,2millionTEP.
2.2.4.1.EnergyProduction and ConsumptionIn Turkey
Theenergyreservesof Turkeycanbeneglectedamongworld'sreservesbecause
oftheirquantityandquality.
Hydraulicpower and lignite reservesare potentialenergiesto use. But the
geographicallocationof lignitereservesarescattered,low in quality,high in cost and
environmentallyhazardous.At thesametime,thereliabilityof hydraulicreservesarelow
astheyaredependenton precipitationandtheyrequirehighercostswhile improving.
However,today,ligniteandhydraulicpowermeet75percentof totalcommercialenergy
production.
Lacking to meetthe pnmaryenergydemandwith domesticproduction,the
amountof importedenergyhasincreasedin thecoarseof time.The amountof imported
energyis46%.
In thepast40years,theaverageannualincreasein energyconsumptionhasbeen
5,3%. In 1960,65% of energywasconsumedin housing,15% intransportationand10
% inindustry.Duringthefollowingperiods,whiletheconsumptionshareof industryand
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powerstationshadbeenincreasing,theshareof housingsectorhaddecreased.(Sahin,
1994)
In 1990,in theconceptof energyconsumption,housingsectorhasagaintaken
thefirstplacebutwitha low rateas28 %. The shareof industrysectorhasbeen20 %
andtransportationsector'ssharehasbeen17%. (Table2.2.)
In thefollowingtables(Table2.3), thesharesof consumptionof primaryenergy
sourcesareshown.Thereis a declinein theshareof coal (from 15.4% to 10.9)while
theshareof petroleumis still high.Petroleumhasthehighestsharein thetotal energy
consumptionwhichis 46.6% in 1993.The shareof nuclearenergyhasgrownfrom 0.1
% to7.6% andlignitefrom9.2% to 16.9%. The hydraulicsharegrewfrom 1.4% to
4.8%.
All theseenergyconsumptionvaluesshowthatenergyis usedinefficientlyand
denselyinTurkey.
2.2.5.EnergyStatusof Izmir
Today,in Izmir, a largeportion of the energyutilizedis derivedfrom fossil
burning.Exceptelectricity;lignite,kerosene,motorin,fuel-oilandLPG areusedin space
heatinginIzmir.Amongthese,especiallyligniteandfuel-oilaffecttheairqualityof Izmir
adverselyaslocalligniteshavelow qualityin usesuchashavinglow heatingvalueand
havinghighashcontentandhighsulphurbearingandfuel oils as beingundesulfurized
petroleumproduct.
"In 1995,approximately1.200.000tonsoflignitecoalhasbeenburnedwithinthe
metropolitanrea.Of thistwo thirdshavebeenconsumedby theindustryandonethird
bythehouseholds.About 100.000tonsof thehouseholdlignitecombustiontakesplace
incentralheatingsystems."(TowardsanAgenda21in Izmir, 1996)
Accordingto datatakenfromDIE, thefuelconsumptionin Izmirbetween1980-
1989is determinedby correspondingtheurbanpopulationwith fuel consumption.The
annualfuelconsumptionsaregivenin thetable2.4.
Duringyear1993,115.673tonsofpetroleum,23.535tonsof kerosene,151.341
tonsofLPG, 306.579tonsof dieselfueland153.988tonsof gasolineareburned.
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Table2.2.Thesharesof sectoralenergyconsumption
YEARS HOUSINGINDUSTRYTRA SP.AG ICULT.OTHEFI AL CONTRA SFTAL
1970
45.821.917 02.7.889.200
1971
3 713 3972 3
2
654
3
25 14
4
85
5
6
6
6
7
1
8
94
9
.
80
641.7
9
8
(Source:Tiirkiye6. EneIji Kongresi,EneIji istatistikleri,izmir, 1994,pp: 190)
tvtv
Table2.3.Thesharesof primaryenergysourcesintotalenergyconsumption
YEARS COALLIGNITEASPHALTITPE ROLN.GASH DRO ICELECTR CSUNWOODAG.W S E
1970
15.49.20.142 1.4 20.41 3
197
4506 1 18 20.7
2
8937 2 18
1973
551 0 9 7.0
4
670 0
5
68
6
03 1 2 4.9.
7
9 62 3
8
9
9
37 5
80
3 8
1
4
2
4 7. 13.2 35516 65 2 6
9
849 4 9.9898
( Source:Tiirkiye6. EnerjiKongresi,Enerjiistatistikleri,izmir, 1994,pp: 112)
Theaboveparagraphs,includingthelevelof energyconsumption,showthatlike
manyof cities,Izmir is dependenton non-renewablenergyresources.On the other
hand,theMetropolitanArea of Izmir hasa considerablepotentialof renewableenergy
resourcessuchaswindpower,solarenergy,etc.But theuseof theseresourcesdoesnot
gobeyondsmallscaleutilizations.However,beinga renewableresource,geothermal
energybecomepopulardaybydayin Izmir.
Therichestgeothermalsourcesknownin Turkeylocatewithinthe Seferihisar-
Narlidere-Bal90vatriangle.It is estimatedthat the thermalsourcesin Bal90vaand
Narliderehavea potentialenoughto heatabout100thousandresidents.Thereexistsa
potentialfor 9 thousandresidentsin C;esme.In thecasethatoptimistresultsrisein the
capacityin C;igliand Yamanlar,also C;igli,Bostanliand Karsiyakawould utilize the
geothermalenergyinthefuture.(.MMO, 1996)
Table2.4.AnnualEnergyConsumptionin Izmir
LigniteFueloilKeroseneLPGDies loilBenzin
1980
158.24586.09121.41337.56659 9753 .419
1
44 6110 .5036950.9356 8218
2
7 810 61 . 830 7 497
3
6 4 262 92448 3 34 2
4
9 5 87375107 453
5
210. 83 06 8 1 8
6
7 62 07 0
7
2 5 . 53 4
8
01 .2 8 9
9
5. 2
9
3 -
-- -
1991
2
2
- -
3
7.988
(Source:Miiezzinoglu,1995;pp:168)
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2.3.Summary
The ecosystem-the spatialunitnessformedby the interactionsof both the
biologicaland physicalenvironment-have functionsincludingthe transformation,
circulationa daccumulationof matterandtheflow of energythroughnaturalprocesses.
Andinthisprocess,theformationof allmineraldeposits,whetherfuels,metalsor others
havetakentimeandwe, peopleareconsumingthemfasterthantheyarebeingnaturally
regenerated.Therefore,the use of earth'secosystems,energyand materialresources
requiresa conservationconsciousdesignapproach.The built environmentmust be
designedto minimizeconsumptionof theseresourcesand to minimizewastes, to
optimizeuse,to bemoredependenton therenewableandrecoverable,to conservethe
resourceandtoprovidethepotentialandflexibilityfor itsfutureuse.
In addition,theenergyconsumptiontrendsintheworldpointoutthenecessityof
energyconservation.The scaleof humanenergyusetodayis considerablylargerthanin
1970.As a resultof higherenergyuse,the environmentalcostsarebeingincreasingly
perceivedat local,regionalandgloballevels.In thefuture,with thegrowingnumberof
peopleandexpandingvolumeof activities,thereappearsto bea significantpotentialthat
impactsassociatedwithenergysupplyandusewill seriouslyharmhumanandecological
well-being.
On the other hand, while Turkey -havingnot enoughand efficientenergy
productionandcontrarilyexperiencinghigheramountsof consumption-sufferingon the
costsidefrompayingtoo muchfor energy,thecountryis alsopayingin the formsof
excessiveenvironmentalimpacts.The city of Izmir has somepotentialof renewable
energybutstilldependingon non-renewablenergy.Moreover,currently,theresidents
ofthecitysufferfromcutsin electricitysupply. Howeverthecityrequireshavinglocal
energypoliciesincludingenergyefficiencyand conservationboth at productionand
consumptionlevel.
Key words; ecosystem,conservationconsciousdesign, non-renewable
energy,renewablenergy,sustainablenergyandenergyefficiency,energyuse.
24
Chapter3
ENERGY CONSUMPTION AND ENERGY CONSCIOUS URBAN
DESIGN
Thischapterincludestheconceptof urbanenergyconsumption,andthegoal of
energyconsciousurbandesign.
3.1.TheNeedFor EnergyConsciousUrban Design
Does energyreally matterin urbandesign?Or do we needenergyconscious
urbandesign?The effectsof a dramaticincreasein energyprices,duringtheoil crisis,
intheearly1970's,weremakingthemselvesfelt in manyways.So, theanswerto this
questionseemedobvious.Whenthecrisiswasover,theprospectsfor energyconscious
urbandevelopmenthaverecededandtheincentiveuseof resourcesefficientlyremoved.
It wasthoughthatthecrisiswas not sustainedandthatno lastingenergyconstraints
haveactuallybeenexperienced.(Owens,1987)
However, in today'scondition,acid rains, nuclearaccidents,environmental
hazards,globalwarming,pollution,ozonehole,etc.constantlyremindsus of thenon-
monetarycosts of energyconsumption.In addition, if presentconsumptionrates
continue,petroleumreserveswill run out sometime in the21st century.This means
that,long beforethe reservesare entirelydepleted,the prices of fossil fuels will
probablyriseto levelsatwhichfewcanaffordto buythem.(Lyle, 1994)
" It is clear that, energyconsumptionin the developingworld has grown
tremendouslyover the pastyears.Although manyfactorsare citedas causesfor the
increasein consumption,it is generallyagreedthaturbanisationis theprimecause."
(Emmanuel,1995;pp:59) Then, the patternof energyconsumptionin developing
countriessuggeststhaturbandesignrelateddecisionshavea significantimpacton the
consumptionof energy.At thatpoint,theenergyconsciousurbandesigncomesinto
existence.
3.2.TheGoal Of Energy ConsciousUrban Design
Consideringthesignificanceof energyin urbandevelopment,hegoalof energy
consciousdesignis to reduceurbanenergyconsumptionand the problemsthatthis
consumptioncauseswhilepopulationcontinuesto increase.
Transportationandspaceconditioningarethetwo factorswhichmustinfluence
energydemandat theurbanscale.So, anyprogresstowarda moresustainablefuture
requireslarge per capita reductionsin the amountof energyrequiredfor space
conditioningandtransportationwhileatthesametimeprovidingthecomfortlevel.
Therangeof options to saveenergyin anysizeof theurbanscaleis verywide;
landusearrangementso cuttransportationcosts,siteandcommunitydesignfactors,
buildingdesignthatemphasisconservation,improvedvehicleefficiencies,the use of
otherenewablenergysourcesandtechnologies.
3.3.SpaceConditioningandEnergyEfficient Urban Design
Energyconsciousdesignrequirescarefulanalysisof the naturalbenefitsand
problemsof thesite.II Oneof thefundamentaltenetof energyconsciousplanningis that
theclimatecanbe modifiedusingthenaturalfeaturesof thesite,thusreducingor in
somecaseseliminatingthe needfor artificial conditioning.The site is a complex
interactionof manyfactors;orientation,slope,elevation,surfacematerials,topography,
thevelocitiesand direction of prevailing winds, temperaturepatterns,humidity,
precipitation,vegetation,thepresenceor absenceof water,theseasonalavailabilityof
sunlightandespeciallyin urbanareas,theinfluenceof otherbuildings.
II The primaryfocus of the site analysisis to ensurethat the land is used
efficientlyandthatthebuildingfit appropriatelyintotheserviceinfrastructure.Theway
inwhicha buildingis sitting,howeverrelativeto otherbuildingsor to naturalfeatures
ofthelandscape,can be a majordeterminedof its energyefficiency.II (Mackenzie,
199];pp:38)
Designing for energy efficiency involves an integratedapproach.These
approachesare;to minimizetheimpactof theexternalenvironmentandto usedirectly
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theeffectof thesunandnaturalventilationto minimizetheneedfor heatingandcooling
systems.
In a climate,whereprotectionis neededfromcoldandwind,thedesignerwould
considermaximizingsolar exposure,using extensivepavedand masonrysurfacesto
increasetheabsorptionof radiationandusingexistingor creatingnewwindbreaksin the
formoftreesor walls.However,in a hot climate,to makethemicroclimatecooler,the
optionswouldincludepositioningbuildingsfor maximumventilationbyprevailingwinds,
usingshadetrees,vinesandplantedgroundcovers,pruninglowergrowthfor increased
aircirculationand allowingfor evaporativecooling from sprinklers,pools, pondsor
lakes.In cities,the positioningof surroundingbuildingsis importantas this can
determinetheflow of windcurrentsandthereforethetemperature.(Anderson,1990)
Urbanform,landusearrangementsanddensityalsoaffecttheenergyefficiency.
Byplanningresidentialbuildingsin areawhichcanbenefitfromsolargain,whilestorage
buildingsor parkingareasarelocatedin areasreceivinglittlesunis anenergyefficient
arrangement.
3.4.TransportationandEnergyEfficientUrban Design
Transportationis a significantfactorin energyconsumption.It canbe examined
insuchways,in thecontextof energyefficiency;One is thattheuse of petroleum;a
greatamountof this non-renewablenergyis used in transportation.This situation
causesomeurban problems.We need using renewableenergiesfor reducingthe
consumption.
Anotherfactis that,anincreasein thefuelpricesaffecttheenergyconsumption.
Butin the shortto mediumtermsit seemsthat energydoesnot mattervery much.
Marginaladjustmentsof trip patterns,especiallysocialtrips are associatedwith only
smallchangesin petrolconsumption.In themediumterm,peopletry to revertto their
formertrip patternsand will resort to other methodswithout loss of mobility.
(Owens,1987)
Increasingtheimportanceof transportcostsin thetrip decision,theresultis the
closerassociationbetweendifferentactivitiesandthereductionof totalamountof travel.
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Atthatpoint,theeffectof urbanform,landuseanddensityin energyconsumptioncome
intoexistence.
Theavailabilityof energyandhencemobilityhasbeenanimportantpremisefor
thechangesfrom the ancient,pedestriancitiesto the present,sprawlingautomobile
cities.
It doesnot seemunreasonableto assumethatdevelopmentalpatternsfacilitated
by a highmobility,actuallyrequiremoretransportationthandevelopmentalpatterns
moresimilarto thoseof ancient,low mobilitycentre.In accordancewith this, that
compactand concentrateddevelopmentcould saveconsiderableamountof energy.
(Naess,1995)
Someresearchersuggestthat any correlationbetweenurban variablesand
energyusein transportcandisappearwhencontrollingfor socialandeconomicfactors
likeincome,car ownership,vehicleefficiency,householdstructure,etc. (Naess,1995)
However,thesesocio-economicfactorsandurbanform shouldconsideredtogetherfor
consumptionf energy.
Besidesthecompactnessandmixinglanduse,a highurbandensityhasanenergy
savingeffect.A high densityimpliesshorteraveragedistancesbetweenresidences,
workplacesandservicefunctionsandalsoshorterwalkingdistancesto publictransport
stops.
On theotherhand,in thecontextof energyconsumption,the transportmodes
havealsoimportance.In determiningtheappropriatemode,scaleis themostsignificant
factor.
The smallestscale of transportationis the scale of a small communityor
neighborhoodwhich can coveron foot or by bicycle.At thesescales,biomassis the
appropriateenergysource.At thenextlevelof scale,whichmightbethatof a largetown
orsmallcity,hydrogen,electricalpowerandbiofuelscanreplacesomeportionof the
petroleumthat fuels car. A combinationof masstransitand small,highly efficient
vehicleswillbeneededfor urbanuse.Chargedby photovoltaiccells,suchcartscouldbe
anappropriatemodefor individualmovement.At thescaleof largercitiesandregions,
masstransitsystemsusingtrainsandbusesarefar moresuitablethanindividualmodes,
whichoccupytoo muchenergy.Intercitymasstransituseslessthan1/10as muchfuel
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energyperpassengermileasautomobilesandintracitytransituseslessthanone-sixthas
much.(Lyle,1994)
3.5.Summary
Althoughtheenergycrisisis still with us anda substantialbodyof knowledge
andstudiesrelatedto structuralenergyefficiencywasconsequentlydeveloped,verylittle
wasactuallyimplemented.Since energypriceswill continueto be cheap,designers
shouldconcentrateon areasother than energyefficiency.However, it should be
rememberedthatthe rationalefor energyefficientdesignis not so muchthe needto
conserveenergyperse,ratherreductionin energyconsumptionfor theecologicalhealth
ofthewholeplanet.Theworldwith its teemingenergyhungrymillionswill continueto
consumemoreenergyandthe ecologicalconsequencesof suchhigh consumptionare
beyondthecollectivewisdom.Energyefficienturbandesignguidelinesshouldperhaps
guidedbythisconcernfor ecologicalhealthof theearthandjustby quantitativegainsin
energyefficiency.
Therefore,thegoalof energyconsciousdesignis to reduceenergyconsumption
andtheproblemsthatthisconsumptioncauses.Transportationandspaceconditioning
arethetwo factorswhich influenceurbanenergydemand.So, anyprogresstowarda
moresustainablefuturewill requirelargepercapitareductionsin theamountof energy
requiredforspaceconditioningandtransportation.
Key words: urban energy consumption, energy conscious urban design,
transportation,andspaceconditioning.
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Chapter4
CLIMATE: A FUNDAMENTAL CONSIDERATION IN REDUCING
ENERGY CONSUMPTION
If a purposeof planningis to reduceenergyconsumptionand to saveenergy,
"climate"isoneof thefundamentalconsideration.
The mostobviousfacts of climateare; the annual,seasonaland daily rangesof
temperature(thesevariationshappenaccordingto the conditionsof latitude,altitude,
exposure,vegetationandproximityto weathermodifiersas waterbodies,ice massesor
desert);theamountof precipitationthe formof dew,rainfall,frostor snow;humidity;the
durationof sunlightin hoursperday;thedirectionandvelocityof thewinds;thegeologic
structurewithsoil typesanddepths;theexistingvegetationandwild-life;etc.AIl of these
physicale ementswork togetherasanecologicalsystem.(Simonds,1993)
Therearefour climaticregionsin theearth;thecold,thecool temperate,thewarm-
humidandthehot-dry.Eachof theseclimaticregionshavetheirdistinctivecharacteristics.It
ishardto definetheboundariesof the regionsor thezonespreciselyhoweverthereare
considerablevariationsandtheseinfluencesthesitedevelopment.Nevertheless,thedesigner
isparticularlyinterestedin themicroclimate.Microclimateis thedetailedmodificationof the
generalc imate.
4.1.Microclimate
Thepropertiesof microclimatelementswhichinfluencetheenergyconsumptionare
givenatbelowsubtitles.
4.1.1.EffectsOf TopographyIn Microclimate
Theslope,slopedirectionof thegroundhasanclimaticeffect.Theorientationof the
groundwithrespecto thesun,andthewayin whichthetopographyaffectsair movement,
aretheprincipalinfluences.(Fig.4.1)
4.1.1.1.SunAngle
Theangleformedbetweensunlightapproachingtheearth'ssurfaceandthe surface
itselfis called the sun angle. Maximum radiationis receivedby a surface that IS
perpendicularto thedirectionof thesun.Smallerangleshaveweakersolarintensities.
Thesunanglefor anylatitudeanddatecanbecomputedin threebasicsteps.First,
thedeclinationof thesun mustbeknown.This is thelatitudewherethesunangleis 90°on
agivendate.Then,thezenithanglemustbedetermined.
Zenithangleis theangleformedbetweena verticalineandthepositionof thesunin
thesky.(Fig.4.2)Thelaststepis thesubtractionof zenithanglefrom90°. This givesusthe
sunangle.(Marsh, 1991)
Forexample:
Location
Date
Declinationof thesun
Zenithangle,ZA
Sunangle,SA
Sunangle,SA
: 50degreesnorthlatitude(given)
: June 15(given)
: 23degrees
: 27degrees
: 90degrees- ZA
: 63degrees
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TOPOGRAPHICAL FORMS, TALL
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Fig.4.1.Topographyaffectsthemicroclimate(Simonds,1983,pp:86)
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Fig.4.2.The annualchangesin sunanglefor 50degreesnorthlatitude(Marsh,1991;
pp:214)
The influenceof an inclinedsurfaceon local sunanglecanalsobe computed,The
sunangleonflatgroundfor thatlatitude,thedirectioninwhichtheslopefacesandtheangle
oftheslopemustbedetermined.(Fig. 4,3) If theslopefacesthenoonsun,theangleon the
slopeis equalto theflatgroundangleplustheangleof theslope.If theslopeis awayfrom
thesun,we cansubtractheangleof theslopefromtheangleof thesun.If theproductis
negative,theslopeis in shadow.(Marsh,1991)
Solar radiation
'"
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"-
"-
sAt>,
"., ' '.'..'.
f:' ..~ .' , ,'.SAg,,":' ': .
. :,,:)Slope angle
SAg = groundsun angle
SA =sun angle
Fig.4.3.Groundsunangle(Marsh,1991;pp:215)
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4.1.1.2.Topographyand theAir Movement
Topographyaffectstheclimateby its influenceon air movements,as well asby its
orientationto thesun.
Windspeedsona crestmaybe20 % greaterthanthoseon flatgroundandthewind
isgenerallyquiterontheleesideof ahill. (Fig.4.4)
Thesetopographiceffectsaremodifiedby structuresandplantcover.Plantsalterthe
surfaceform,increasetheareaof radiationandtranspiration,shadetheground,brakeand
trapthemovingair.
4.1.2.Effectsof Albedo, Conductivityand TurbulenceIn Microclimate
Heat is exchangedby radiation,conductionand convection.There are three
correspondingcharacteristics;albedo,conductivityandturbulence.Thereflectivecapacityof
asurfaceis termedas "albedo".The percentageof incomingsolarradiationreflectedback
insteadofbeingabsorbed.
A=~ * 100
Sj
A= albedo, Sj=incomingsolarshort-wave
So=outgoingsolarshort-wave
All earthmaterialsreflecta portionof thesolarradiationthatstrikesthem,buttheir
albedosvarywidely.(Table4.1)
Thesolarenergyabsorbedbya surfaceis calledsolargainandis equalto;
Solargain=Sj - So
Solargain= Sj (1 - A) sin(SAg) (for slopedsurfaces)
Conductivityis thespeedwithwhichheator soundpassesthrougha givenmaterial.
Heatflowsrapidlythroughsubstancesof highconductivityandslowlythrough thoseof
low.Conductivitydecreasein the following order;wet sand,ice, concrete,asphalt,still
water,drysandor clay,wetpeat,freshsnow,stillair.(Lynch, 1994)
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Fig.4.4.Topographyaffectsairmovement(Simonds,1983;pp:87)
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Table4.1 . Albedosfor varioussurfaces
Material Albedo (%)
Soil dunesand,dry
35- 75
dunesand,wet
20 30
ark,topsoil
1
gr y,m ist
1 2
cl y,drys dy,dryVegetation broadleaforestco iferousforest
5 -
gree eadtundrabr wng ass andps
15- 25
Synthetic ryconcrete
7 7
ck ,asphaltWater freshsnow
7 9
old snow
4
seaIc
30 40
liqui w ter
4
(Source:Marsh,1991~pp:217)
Convectionis thedistributionof heatandsoundby fluid movement.The significant
factorsarespeedandturbulence.
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The groundhas a low albedoand high conductivityproducesa mild and stable
microclimate.Excessheatis quicklyabsorbedandstoredandas quicklyreleasedwhenthe
temperaturedrops.If thegroundhashighalbedoandlow conductivitytheexchangeof heat
donot help to balancethe swingsof the generalclimate.A high densityof artificial
structuresor a substantialareaof pavingincreasesthe albedoand this resultsin higher
summertemperatures.On a day,whenthegeneraltemperatureis 25 C, the surfaceof a
concretewalkinthesunmaybe35C. (Lynch, 1994)
The slopeandalbedoareveryimportantin thesolarheatingof a variedlandscape.
Forexample,thelocationis at45degreesnorthlatitude,theprofileof thelandscapeis given
inthefigure4.5. The ratesof solarheatingat noon on theequinoxwould be as follows:
(Marsh,1991)
Example:Buildingroof Concretewall
PlowedfieldSandstone
slope
45°30°5°25°
orientation
southn r t
albedo
1 %272
SA
97.78. 8. (1-.10)sin90( -.27)sinI5. (1-.22)sin 07 (1-.40)sin70
.70
1474
... '.:.'...
Fig.4.5. Landscapeprofileandsolarheatingvariations(Marsh,1991;pp:218)
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4.2.UrbanClimate
Urbanizationtransformsthelandscapeinto a complexenvironmentcharacterizedby
fonus,materialsandactivities.
" The flow of energyin theurbanlandscapeis different.As a whole,thereceiptof
solaradiationis substantiallylower,whilethegenerationof sensibleheatat groundlevelis
greaterin cities.Furthermore,the rate of heatloss from the urbanatmospherethrough
convectiveandradiantflows is lower." (Marsh, 1991;pp:228).Urban climateis warmer,
lesswelllighted,lesswindy,foggier,morepollutedandoftenrainierthantheregionwide
climate.(Fig.4.6)
The spatialpatternof higherair temperaturein urbanareasproduces"heatisland"
(Fig.4.7).Theabsorptionof a givenquantityof radiationandin turn,heattheoverlyingair
fasterprovideshigher temperature.Furthermore,becauseof a higher carbon dioxide
content,theatmosphereretainsmoreheat.In addition,havinglowerwind speedsatground
level,theheatedairtendsnotto beflushedaway.
The elevatedtopographyof urbanenvironmenthatconsistsof size, spacingand
heightarrangementsof buildingsdeterminethenatureof airflow, windspeeds." In thecase
ofanindividualbuilding,the structurerepresentsan obstacleto airflow and in order to
satisfythecontinuityof flow principle,wind mustspeedup as it crossesthe building."
(Marsh,1991;pp:232)
In atwo dimensionalmodel,thewindwardbrowof thebuildingandrooftops arethe
placeswherethewind reachesthehighestspeed.Air is alsodeflectedfromthebrow down
thefaceof thebuilding,speedsdeclineon the leewardside and spreadout with some
descendingto theground.streetsborderedby a massof tallbuildingshavethecharacterof
canyons.Thecanyons,if alignedin thedirectionof prevailingwinds,tendsto channeland
constrictairflow.Thisproduceshigherwindvelocitiesatstreetlevel(Fig. 4.8)
In applyingclimaticfactorsto urbandesign,it is importanto considerthescaleof
theproblem.At the city s.:;ale,"...the locationstructureand layout of streets,building
massesandlandusesmustbeweighedagainstairflowpatterns,sourcesof pollution(such
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Fig.4.6.Urbanclimateconditionsassociatedwith differentsectorsof a city (Marsh,
1991;pp:228)
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Fig.4.7.A schematicdiagramdepictingtheurbanheatisland(Marsh,1991;pp:229)
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asexistingtraffic corridors)and the ratio of opento developedspace.II (Marsh, 1991;
pp:237)
Themaintenanceof groundlevelairflowin summeris veryessential.In thatcase,
streetcorridorsshouldprovideairflow. They shouldbe wide andalignedwith prevailing
winds.
Fig.4.8.Airflow overandaroundbuildings(Marsh, 1991;pp:232)
Vegetationshouldalsobeexpandedinto innercityareasalongstreets,in parksand
onrooftops.
In addition,theverticaldimensionof urbanclimateis alsoimportant.High elevations
posethehazardof highspeedwindsthatcandamagestructuresandimpairhumansafety.
Groundlevel in the city include severeheat, pollution as well as competitionwith
automotivetraffic.At themiddlelevel,four to tenstoryrange,air is generallycleanerbut
lesswindythanathigherelevations.
40
4.3.HumanComfort
Someelementsof microclimateandtheirmodificationsareconsideredin thecurrent
chapter.The reasonto modifythe microclimateelementsis to achievecomfortableand
energyefficientenvironments.
At thatpoint, it is requiredto explainthe conceptwhich determinesthe levelof
comfortandefficiency.Thisconceptis "humancomfort".
The physicaland phychologicalwell-beingand attitudesof people are directly
affectedby climateandthesein turnprescribetheplanningneeds.So, therewill be some
standards,to definesomelevelsabovewhichtherewould alwaysbe humancomfortand
belowwhichdiscomfortor danger.To definea constantstandardseemimpossibleasthere
aremanyaspectsof comfortandthereexistsdifferentoccasions.However,the optimum
conditionsweredefinedandhumancomfortchartsweredeveloped.(Fig. 4.9)
ResearchersVictor andAladarOlgyay who anticipatedthe 1970senergycrisisby
publishedenergyconservingguidelines,were the initiativesof the climaticarchitectural
design.Victor Olgyay'stextbookDesignwith Climate(1963) expandedthe conceptof
climaticdesignto includeurbanform and,as such,remainsthebasicreferencefor most
energyconsciousarchitectsand planners.So, the basisof the developedstandardsand
chartsforcomfortistheprinciplesofOlgyay.
An examplefor comfortconditionscnbegivenasfollows:In thetemperatezone,the
onein lightclothing,sittingin shadedindoorscanfeel quitecomfortableat temperature
rangesbetween18°and26°C (65°and80°F) aslongastherelativehumidityliesbetween
20 and50%. As humidityincreases,thesamepeoplecanbeginto feeluncomfortableat
lowertemperatures.(Lynch,andHack, 1994).
4.4.Summary
Climateis a fundamentalconsiderationin energyefficientplanninganddesign.The
relationshipbetweenoutdoorandindoorconditionsdeterminetheenergyconsumption.It
canbeacceptedthatif theexteriorconditionis verysimilarto thedesiredinteriorcondition,
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noextraenergyis requiredfor spaceconditioning.But if thereis a significantdifference
betweenoutdoorandindoorcondition,largeamountsof energyareneeded.At thatpointit
canbesaidthat,theamountof energyconsumptioncanbereducedby a modificationof the
microclimate.The knowledgeof prevailingclimateconditions,the understandingof the
microclimateelementswhichmostaffectenergyuseandthetheunderstandingof theways
in whichobjects-builtenvironmentaffect the climateto createmicroclimatemaintain
providingenergyefficientenvironments.
Key words; climate, microclimate, microclimate elements, urban climate,
humancomfort.
/20 ------
110 1009080 _
u.
. 7ui a:::>I-oe(: 6 _W D..~W 50
40
.... .:, ...
.•...•..,: .
.......•.~.:.~~".
heezlng fine
30 .-:-.'--:-:-: -=-:-;-.~.-'- ~ :-:~:-: "'7""7~7':~~:-:-:--: ~7'"':~ ':-:"'~-;-~.~ ~-:-"""7~ ~ :-:-:-=-:~. . . . '", ". :.': . " ..
20
a 10 20 30 40 50 60 70
RELATIVE HUMIDITY, %
80 90 100
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Chapter5
ENERGY EFFICIENT URBAN DESIGN
There has been lots researchabout the energy conservationand energy
efficiencybutmuchof theinvestigationhasfocusedon thetechnicalcharacteristicsof
energyusingmachinerysuchas vehicles,spaceconditioningsystemsand industrial
processes.However,therehasbeenrelativelylittle researchabouttheeffectsof urban
designonenergyconsumptionandconservation.
A commongroundfor theattitudesto saveenergywas to examinesuccessful
historicalprecedentsfor cluesto low cost,energysavingdesignstrategies.The Pueblos
inMexicoarethebestexamples.
Fortunately,a few communitiesalreadyhaveexperimentedsuccessfullywith
energyconservationonthecommunitywideconservationwork hasbeendoneatDavis,
California.Anotherinterestingenergyefficientcommunityproject,the Civano Solar
VillagenearTucson,Arizonagivescluesabouthow to reduceenergyconsumptionby
morethan50percenthroughcarefullycoordinatingsitedesignandlanduse.
FurtherinformationaboutthePueblos,DavisandCivanoprojectsseeAppendix
A. TheHalifaxProjectgivenin AppendixA is also an essentialexamplefor energy
efficiency.
5.1.ThePrinciplesof Energy Efficient Urban DesignProcess
In the contextof energyefficient urban design,while reducingthe energy
consumption,therearevariousvariableswhich influencethe energyrequirementsof
spatialstructureat differentscales.The outlineof a matrixillustratingthevariablesis
~howni thetable5.1.( CooperandSheldrick,1987)
At eachscale,a collectionof environmental,climatologicaland topographical
datais required.In orderto achievethe best resultsand mostbeneficialeffects,all
possibleaspectsof climate, naturaland built environmentshould be taken into
considerationat all levels of planningand design. Obviously, to give the most
comprehensiveadvice,all collecteddata should be evaluatedand analysedin the
contextof energy efficiency. And finally, the integrationof energy efficiency
ofenergyefficiency.And finally,theintegrationof energyefficiencyconsiderationsatall
levelsofplanning;fromsiteselectiondownto thefinalstageof buildingdesignshouldbe
done.
Wearemuchconcernaboutsettlementandbuildingscale.Thetwo majorfactors,
arereducingthe transportationand spaceconditioningenergyneedsin urbanenergy
consumptioncangenerallybeconsideredatthesescales.At eachfactorandscale,there
arevariablesrelatedto energyefficiencyto betakeninto account.Thesevariablesare
definedinthetable5.2.
5.2.TheVariablesof EnergyEfficient Urban Design- SettlementScale
Thevariablesrelatedto settlementscaleare;urbanform, landuse,density,site
selectiona dorientation,streetlayout,wind,externalshadingandlandsaping.
5.2.1.UrbanForm
Urbanform characteristicsfavourablefor the minimizingof transportenergy
requirements,al oseemto befavourablefor energyconservationin spaceconditioning.
An energyconsciouscityformwill helpdirectindividualbuildingsandsitesto be
properlyoriented,shadedor exposed,ensureventilation.etc.
" Therehasbeeninsufficientexaminationof whatanenergyefficienturbanform
isactuallycomposedof and how such a statecan be reachedgiven the present
arrangements".( NewmanandKenworthy,1989;pp:24) In orderto achievea solution
andidentitYan energyefficienturbanform, it is usefulto distinguishbetweenenergy
efficientcharacteristicsof urbanformandtheformsthemselves,sinceoncethedesirable
characteristicshavebeenidentified,theycanbe foundin morethanoneform.(Owens,
1987).Energyefficientcharacteristicsof urbanformare;
* theencouragementof facilitieswithinwalkingandcyclingdistancesor readily
accessibleypublictransport.This is themaintenetof mostenergyefficientpatterns;
* theneedto site and orientategroupsof buildingso as to take maxImum
advantageof microclimateandespeciallyto makeuseof passivesolarenergy.
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Table5.1. Variablesincludingthe energyrequirementsof spatialstructuresat
differentscales(adaptedfromOwens,1985,EnergyandurbanBuiltForm,pp:189)
STRUCTURAL SCALELEV L OF ACTIVITY
VARIABLE Settlementpattern(e.g.
Regional
rank-size,geometrical arrangemene c.)
Communicationnetwork
Sub regional
betweensettle ents
Sizeof settlements(area)hapeof settlement
Land useplanning
(circular,linearetc.)
Individual settlement
withinettl ment( adial, g id,etc.)
Int rsp rsionof landuses
N i hborhood
Degreeof centralizationof
facilities
Density
B ldi
Layout( statesetc.) Ori n ation( f buil ings or
Buil ing design
groupsof buildings
i g(in r ationto
microcli ate)
si
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Table5.2. Variablesof energyefficienturbandesign(adaptedfromBitanandOded,
1995)
REDUCING URBAN ENERGY CONSUMPTION
REDUCTION OF
TRANSPORTATIONENERGY
NEEDS
REDUCTION OF SPACE
CONDITIONING ENERGY
NEEDS
SITE ORIENTATION
EXTERNAL SHADING
RADIATION CONTROL
OPEN SPACES
STREET LAYOUT
WIND SHELTERS
LANDSCAPE
PLANNING
UTILIZATION OF
SUN RADIATION
WINDOWS &
DOORS
DESIGNING
FORM &
DIRECTION OF
ROOFS
BUILDING &
INSULATION
MATERIALS
COLOR
SELECTION
LANDSCAPING
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5.2.1.1.TheArchetypalForms
In order to understanddifferentpossibilitiesfor urban form, the simple
archetypalformscanbeexamined.(Fig. 5.1)( Andersonetal.,1996)
Firstly,the concentriccity form; The focal point of the form is the central
businessdistrict.Thereexiststhemaximumdensity,maximumnumberof trip endsand
themaximumrent.Land usesaresegregatedinto concentriczonesaroundthe CBn.
However,thisformassumesaverydensetransportnetwork.
A morerealisticassumptionis the radialcity. In this case,sectors,landuses
extendoutfromtheCBn alongmajorlinesof transport.However,thiscauseslow level
ofconnectivity.
Another approachis the multinucleatedcity. Here the CBn has lost its
dominance.The formis morecomplexandthereis a hierarchicalsystemof transport
infrastructure.The levelof connectivityin the city is higher,so the spatialinteraction
flowinalldirections.
In additionto theseurbanforms, an urban structureconsistingof compact,
nucleatedurbansub-unitscan be examinedin the contextof energyefficiency. The
populationof theurbansub-units,havingwalkingdistancesor bicyclescalesmustbe
largenoughto providethethresholdfor a rangeof facilitiesif theyareto besufficiently
autonomousto reducetravelrequirements.This patternmaynot be energyefficientif
mobilityis unconstrained.Another problemis that this structuredoes not give the
immediateaccessto greenareaswhich mightbe desirablefor a more self-sufficient
communitynfutur~(in termsof bothenergyandfood)
An alternativesolutionis a lineargrid structure. This structurecombinesthe
energyadvantagesof higherdensitiesandintegrationof activitieswith accessto open
landandthepotentialfor a widerrangeof life stylesandenergysystems.This structure
isdevelopedby Rickaby(1979)." It permitsa high lineardensityof developmentin
whichintegrationof landusesis achievedby concentratingoriginsanddestinationsof
tripsontoa smallnumberof routes"(Owens,1987).This structureis idealin theoryfor
publictransportanddistrictheatingandit wouldbecompatiblewith quiteextensiveuse
ofrenewableenergysources.
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Ccncenlric City
Radial City
• centralbusine", ()i~trict
o peripheralcentre
, -- transportroute
- - - land use transition
densityof populationplus emrioyment
-_'::.='::=::1
high medium low
MultinucleatedCity
Fig. 5.1The archetypalforms (AndersonetaI., 1996;pp:ll)
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5.2.1.2.Compact,Dispersed,Clustered,CombinedUrban Forms
Urbanformscanalsobeclassifiedascompact,dispersed,clusteredandcombined
form.Thepropertiesof theseformsare:
• Compacturbanform:Compactcity morphologyrespondspositivelyto the
stressfulc imates.The concentratedandfirmly unifiedlandusesin a close and tight
physicalrelationshipwitheachotherandthestructureswithinthemselvesconstitutesthe
compactityform.
Theadvantagesofthe compactcityare:(Golany,1995;pp:156)
1.Respondsto and easesthe problemsof stressfulclimates,suchas; intense
radiation,extremediurnaltemperaturefluctuation,intensedryness,cold or hot winds,
anduststorms.
2. Consumeslessenergyfor coolingandheating.
3. Reducesthecostof all infrastructurenetworks.
4. Establisheseasyandquickaccesswithinitselfto thedailyuse,servicesand
business.
5. Savescommutingtimeandenergy.
6. Hasminimalimpactonthedelicatelysensitive nvironment~
• Dispersedurbanform: This form, which hasbeencommonlyused in the
UnitedStatesand recentlyin Europeandevelopedcountries,is characterizedby low
populationdensityper urban unit, low-rise individualdetachedhousingunits and
provisionof generousspacewithinurbanland.However,this patternextendsutilities,
roadsandinfrastructuresandconsumesfinancialresources.
• Clusteredurbanform:An aggregateof landuseor housingin relativelysmall
urbanunits,integratedwithinverycloseproximityof eachotherconstitutestheclustered
form.Theseformscancarrywithinthemanintegratedlanduseor segregatedlanduseas
well. Clusteredformalsorespondsfavorablyto stressfulclimates.
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• Combinedurbanform: This is an aggregateof differentforms brought
togetherto establisha typeof dispersedformandbecomesa cohesivepartof theurban
pattern.
Thearchetypalandaboveurbanformshelpuswhilethinkingaboutenergyissues
incities.However,urbanformis complicatedissue.The mostdesirableurbanformcan•
notbedeterminedonlyon thebasisof energyefficiency.Urbanformevolvesover long
periodsaccordingto theevents,technologies,policiesandpolitics.
5.2.2.Land Use
Landusepatternhave a major impactupon energyconsumptionand energy
efficientdevelopment.Energysystemsinfluencespatialstructureandlandusepatternsin
partdeterminel velsof energyconsumption.(Owens,1986)
How intensivelya city usesits landis the essentialfactorin energyefficiency.
Studieshaveshownthat," themoreintensivethelanduse,theshorterthedistancesof
travel,thegreatertheviabilityof transit(morepeopleperstopandhencebetterservice),
thegreatertheamountof walkingandbiking,thehighertheoccupancyof vehicles,and
thelessneedforacaL" (NewmanandKenworthy,1989;pp:25)
A dense,compactformwith mixinglanduses- housing,commercial,business,
schoolsandevenlightindustrialareas-bringingall withinwalkingor at leastbicycling
distanceprovidesenergyconservation.When landuse is sufficientlyconcentrated,the
opportunitiesfor morewalkingandbikingcanbegreatlyencouragedby improvementof
facilities.This can include establishingpathwaysand bike lanes and particularly
pedestrianizingcentralcities.
On the other hand,the locationof activitiesaccordingto the climaticand
environmentalconditionsreduceenergyconsumptionand environmentalhazards.The
southlocationof residentialareasin orderto benefitfrom solargain,the locationof
storageorparkingareas,in areasreceivinglittlesunandalsothelocationof industrial
areasrelatedtoprevailingwinds.
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5.2.3.Density
Densityis anothervariablethatcanbetakenintoaccountin energyefficiency.
Higherdensitiesmakewalking,bicyclingandmasstransitmuchmorefeasible
modesof transportationthus reducingthe use of automobilesand consumptionof
energy.(Fig.5.2)
Clusteredwellingsaremuchmoreefficientin theiruseof landandcanbemore
efficientintheirusefor facilitiesbysharingamenities.
RalphKnowles suggeststhat II the higherthe densitydevelopment,the more
energyefficienthebuildingswill be.Buildingsclusteredtightlytogethercansharehalf
ormoreof theirexteriorwallsandroof, thuspresentinglessthanhalfas muchsurface
forthegainor lossof heat.II (Lyle, 1994;pp:124)
However,researchresultson energyconsumptionare mixed.For example,a
studycarriedout by the Florida Solar Energy Center showedthat a single family
detachedhouseholdsusedalmosttwiceasmuchenergyperdwellingunitassinglefamily
attachedhouseholds.On the otherhand,when we calculatedon a per occupant,per
squarebasis,it canbeseenthattheconsumptionin theattachedunitswasonly slightly
lower.At thatpoint,for conventionalbuildings,levelsof energyconsumptionmaybe
morecloselyrelatedto thesizeof dwellingsthanto theirdensity.(Lyle, 1994)
In theaboveparagraphs,it is saidthathigherdensitiesaremoreenergyefficient
asdensityallowsefficientuseof infrastructureandenhancesustainability.On theother
hand,whenlow urbandensitiesareconsidered,it canbe suggestedthatlow densities
increaseautomobileuse, howevermake solar heatingmore feasibleand provide
possibilitiesof generatingrenewableenergyresourcesand food on site. (Grant,et.al;
1996)
On theotherhand,at anylevelof densityliveabilityand sustainabilityrequire
integrationf buildingsandlandscape.If thelandscapedoesnotwork withbuildingsin
controllingenergyflow, energyconsumptionwill behigh.
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Fig.5.2Higherdensitiespreventheatgainandheatloss(WMO, 1996;pp:19)
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5.2.4.SiteSelectionand Orientation
Theenergyconsumptionin spaceconditioningis verymuch effectedbythesite.
Energyefficiencycanbeachievedby siteselectionandorientation.
It waswell known thata southslopeis warmerand hasthe largestgrowing
season.A southslopeis thebestfor mostbuildingtypes.The southslopereceivesthe
mostsolarenergyasit mostdirectlyfacesthewintersun(Fig. 5.3.).Also thesouthslope
willexperiencetheleastshadingasthecastof objectsis shorteston southslopes.(Fig.
5.4).(Lechner,1991)
Withdifferentslopeorientationsoccursvariationsin microclimate.Theseslope
orientationsandvariationsareshownin thefigure5.5.
SOUTH SECTION
Fig.5.3.In winter,southslopinglandreceivesthemostsunshine(Lechner,1991;
p:211)
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Fig.5.4.Shadeonthesouthslopingland(Lechner,1991;pp:212)
Fig.5.5.Slopeorientationsandvariationsin microclimate(Lechner,1991;pp:212)
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Thesouthslopeis thewarmestinthewinterwhilethewestslopeis thehottestin
thesummer.Thenorthslopeis coldestandtheshadiest.Thehilltopis thewindiestwhile
low areasarecooler.
Thebestsitefor abuildingdependsonbothclimateandbuildingtype.
Forbuildingssuchasresidencesandsmallofficebuildings,theclimaticconditions
are;(Fig.5.6) (Lechner,1991)
FOR HOT AN~ CLIMATES •
DRY SUMMERS
D COLD WINTERS
..SOUTH SECTION
FOR HOT AND DRY
SUMMERS AND
MILD WINTERS
Fig.5.6.Preferredbuildingsitesaroundahill (Lechner,1991;pp:213)
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Cold climates:South slopemaximizesolar collectionand providesfrom cold
northernwinds.Avoid thewindyhilltopsandlow lyingareasthatcollectpoolsof cold
alL
Hot and Dry climates:Low lying areasthat collect cool air are suitablefor
location.If wintersareverycold thenbottomof southslopeis preferable.Locationon
northor eastslopesis also suitableif wintersare mild but the west slopesare not
preferable.
Hot andhumidclimates:Naturalventilationshouldbemaximizedby buildingon
hilltopbutavoidwestsideof hilltop.
For internallydominatedbuildings,suchas largeofficebuildings,thenorthand
north-eastslopesarebest.
5.2.5.StreetLayout
In thecontextof energyconsumptionin spaceconditioning;the proper size,
shapeandorientationof the building lot is crucial. Since lot design is largely a
consequenceof roaddesign.So thefirststepisto designtheproperroadsystem.
"Streetorientationdeterminestheamountof shadowingandradiation,lightand
airmovement,intensityof cityventilationanddurationof relativehumidityin theair."
(Golany,1995;pp:166)However,it is difficultto suggesta universalmodelof streets
andcityconfigurationwhichrespondsall climaticfeaturesin anoptimalway.Therefore,
somegeneralizedassumptionscanbeadoptedasguidelinesfor theurbandesignof street
layout.
• Streetsthatrun east-westnot only maximizewintersolaraccessfrom the
southbutalso maximizeshadefrom the low morningand afternoonsummersun.
(Fig.5.7)
• Thereis littlesolaraccessinwinterwithnorth-southstreets.(Fig. 5.8)
Thereis somedesignmethodsto improvetheperformanceof buildingson north-
southstreets.Orientingthe shortfacadeto the streetis the mostobvioustechnique.
Anotherveryeffectivebuta lesscommontechniqueis theuseof flaglots.(Fig. 5.9a and
b)
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Fig. 5.8.North-south streets(Lechner,1991;pp:223)
Fig. 5.7.East-west streets(Lechner,1991;pp:222)
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Fig.5.9.(a)Orientingtheshort facadesto thenorth-southstreet,(b) theuseof
flagonorth-southstreets(Lechner,1991;pp:223)
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• If thebuildingsarerotatedto thesouth,theorientationwill be achievedon
diagonalstreets.Although orientingfacadesparallelto the streetsis convenient,this
alternativearrangementprovidesbenefits.(Fig. 5.10)
• Deeplotsarebetterthanshallowlotsoneast-weststreets.(Fig. 5.11)
• Uneven setbackscause both winter and summerproblem. Very small
setbacksespeciallyusedin row housingcanbeacceptable.(Fig. 5.12)
• It is betterto havethehigherbuildingsandtreeson thesouthsideof east-
weststreets.(Fig.5.13)
In additionto aboveguidelines,in orderto supportairmovementintoandwithin
thecity,streetsaredesignedstraightandparallelto eachother.On theotherhand,if the
desiredconditionis to easestormsanddustywindsor reducewind velocityandbring
coolerorwarmerwinds,thestreetsaredesignedperpendicularto eachother.
To providea cool and comfortablemicroclimatein hot-dry climate;narrow,
windingor zigzaggingalleysaredesigned.Thesealleysprotectfromcoldor hotwinds,
receiveminimumsun radiation,reducethe effectsof stormy winds and establish
shadowedspacethoughoutheday.In a hot-humidclimate,widestreetsarerequiredto
supportventilation.However,to reducelargequantitiesof solarradiation,thesewide
streetsneedshading.
5.2.6.Windbreaks
Inthispart,thedesignimplicationsof windin thecontextof energyefficiencyon
sitedesignisdiscussed.
In winterthemainpurposefor blockingthewind is to reducethe heatlosses
causedbyinfiltration.The infiltrationis approximatelyproportionalto thesquareof the
windvelocity,thena smallreductionin wind speedwill havea largeeffecton heatloss.
(Fig.5.14)
Thesereductionscanbeprovidedbyusingwindbreaks,windshelters.
Windscreensdeflectair to higherlevels(solid windbreakssuch as buildings),
createturbulence(solidwindbreaks),absorbenergy( porouswindbreaksuchastrees).
Theheightandtheporosityof a windbreakdeterminetheperformanceof wind
otection.(Fig.5.15)
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Fig.5.10Southrelatedbuildingsondiagonalstreets(Lechner,1991~pp:224)
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Fig.5.11Deeplotsarebetteroneast-weststreets(Lechner,1991;pp:225)
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Fig.5.12Unevensetbackscauseproblems(Lechner,1991;pp:225)
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Fig.5.13HigherBuildingsandtreeson southsideof east-weststreet(Lechner,
1;pp:226)
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Fig.5.14.A smallreductionin windspeedresultsin a highreductionin heatloss.
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Thedepthof windprotectionis proportionalto theheightof thewindbreak.The
densestwindbreakresultsin the greatestreductionof air velocitybut also has the
smallestdownwindcoverage.It's betterto use densewindbreakson small lots and
mediumdensewindbreaksat distancesgreaterthan four times the height of the
windbreak.
At gapsor endsof windbreaksthe air velocityis greaterthanthe free wind.
(Fig.5.16)Thisphenomenacanbeacceptablein thesummerbutnot in thewinter.This
undesirablesituationoccursin citieswhenbuildingschannelthewind alongstreets.A
similarsituationalso happenswhen buildingsraisedon columns. In addition,tall
buildingswill oftengenerateseverelywindy conditionsat groundlevel. However,a
buildingextensionwill deflectwindsawayfromgroundlevelareas.(Fig. 5.17)
Tallerbuildingsplacedtowardthenorthnot only protectfrom the cold winter
windsbutalsoallow bettersolaraccess.Whenthe climateis warmand humid,cross
ventilationis very desirable.The benefitof naturalventilationcan be maximizedby
buildingfar apartand by eliminatinglow vegetationthat would block the cooling
breezes.Wherethe priorityis protectionfrom the cold winterwinds,row or cluster
housingismostappropriate.
5.2.7.ExternalShading
In climateswithveryhotsummersandmildwinters,shadeis moredesirablethan
solaraccess.
Multi-storeybuildingsarebuilt on narrowstreetsto createshadeboth for the
streetandfor the buildings.Shadowcorridorsand solarwindowsare createdin the
cities.(Fig. 5.18)
Solarwindowsarenarrowspacesbetweentallbuildingsthroughwhichthesolar
beampassesto groundlevel.Dependingon theorientationandspacingof thebuildings,
theshaftof light mayilluminatea patchof groundfor only a short time eachday.
(Marsh,1991)
Shadowcorridorsare elongatedzones,borderedby a continuousridgeof tall
buildingsthatblockthesun. Directsolar radiationis neverreceivedin such
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Fig. 5.17Buildings act as a windbreak (Lechner,1991;pp:231)
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Fig. 5.18 Solarwindowandshadowcorridors(Marsh,1991;pp:221)
environmentstheonly light comesfromdiffusedsky radiationandradiationreflected
fromnearbybuildings.
The lengthof a shadowcastby a buildingor a treein horizantalsurfaceis a
functionoftheheightof theobjectandthesunangle.(Marsh, 1991)
S=_h_.
Tan(SA)
Thisformulais traditionallyusedin siteplanningin areasof excessiveheatand
intensivesolarradiationbecauseit is necessaryto provideshadein pedestrianareas,
parkinglots,on buildingfaces,plazasandthe like. The needfor shadeis generally
greatestin hehoursbetween11a.m.and4 p.m.whenhighsolarintensitiesarecoupled
withighairgroundtemperature.(Fig. 5.19)
On theotherhand,streetscan havetheir own shadingsystems.Arcadesand
colonnadesareusedfor protectionfromrainaswell assun.
Trellis,pergolasandarborscanbeusedasanoutdoorshadingelements.
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Critical Hours
• Peak Radiation
• Peak Temperature
~I
11.m "pm
I!IliIlIllll noon shadow = 12 It
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Fig.5.19Shadowpatterns(Marsh,1991;pp:223)
5.2.8.Landscaping
Urbanareasareseveraldegreeswarmerthanvegetatedareasas mostbuildings
andpavingsurfacestend to retainand releasemore heatand also heatingand air
conditioningequipmentreleasesagreatdealof heat.
Treecovercanmoderatethisheatislandeffect,helpingto controlmicroclimate
inthreedifferentways.
Thefirstway is by absorbingandreflectingsolarradiation." A treein full leaf
interceptsbetween60 and90 percentof the radiationthatstrikesit, dependingon its
canopy."(Lyle,1994;pp:102)Thiscreatesa coolshade.And inwintertime,a deciduous
treereflects25 % - 50 %. Thus, clustersof trees can reduce ambientsummer
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temperaturein largeareas.Whenplacedadjacento buildingson thesoutheastandwest
sides,theycanreduceincomingsolarradiationin summerandif deciduous,allow it to
passthoroughin thewinter.
Secondly,treesmoderatetheheatislandeffectbycreatingzoneof calmairunder
thecanopy.A bandof airturbulenceoccursaroundtheedgesof atreecanopy.
Thethirdway is thecoolingmechanism.The releaseof coolingwatervapour
fromtheleafsurfacesof treesthroughevaporationandtranspiration.
Accordingto datadevelopedby Pinkard, (Lyle, 1994)" one large tree can
providethesamecoolingeffectas 10room-sizeair conditionersworking20 hoursper
day.",andHutchinsonaddedthat"...awellplacedplantingcouldreducecoolingcostsby
over50percent."(Lyle, 1994)
Accordingto thesecalculations,treeplantingis themostcosteffectivemeansof
reducingtheheatislandeffectandenergyconsumption.
At thesmallerscale,effectivenessdependson specificlocationof plantswith
respecttobuildingsandotheruseareas.And at largerscalesit dependson thelocation
ofplantingmassesin relationto regionalclimaticpatterns.
The besttreesare those that have a densesummercanopy and an almost
branchlessopenwinter canopy.The branchesevenwithout leavescreatesignificant
shade.(30- 60%)
Treesaremoreeffectivethangrassin controllingair temperaturebecausethey
alsoprovideshadealongwith the evaporativecooling. Shadefrom treesare more
effectivethattheman-madeshadestructures.At nightit is warmerundertreesastrees
blocktheoutgoingheatradiation.
Whentreesarenotavailable,bushescanbeused.
Besidesoutdoorshadingstructuressuchas trellis,pergolasand arbors,allees,
pleachedalleesandhedgerowscanbeused.
Alleesare gardenwalks borderedwith bushesand trees. They control aIr
movement.I pleachedalleescloselyspacedtreesor bushesforma tunnellike structure.
Theycreatecool shadywalkways.The hedgerowis a row of bushes,shrubsor trees
forminga hedge.Dependingon the orientation,theycan be usedfor shading,wind
protectionorwindfunnelling.(Fig. 5.20)
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Fig.5.20Allees,hedgerows(Lechner,1991;pp:245)
Fromfigure5.21 to figure 5.24, landscapingtechniquesappropriatefor four
climatesarepresented.Fig. 5.25illustratestreeplantationprinciplesin differentclimates.
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Fig.5.21.Landscapingtechniquefor a temperateclimate(Lechner,1991;pp:241)
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Fig, 5.22 Landscapingtechniquefor very cold climate(Lechner,1991;pp:242)
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Fig. 5.23Landscapingtechniquefor hot and dry climate(Lechner,1991;pp:243)
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Fig. 5.24 Landscapingtechniquefor hot and humid climate(Lechner,1991;
pp:244)
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Fig.5.25Treeplantationprinciples(Golany,1995;pp:168)
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5.3.TheVariablesof Energy Efficient Urban Design- Building Scale
The variablesrelatedto buildingscaleare; buildinggeometry,buildingform,
housingtypes,utilizationof sun,openings,ventilationandcooling,shading,lighting,and
buildingmaterials.
5.3.1.BuildingGeometry
The energyefficiencyconsiderationin buildingdesigncanbeas;thelocationof
thebuildinginrelationto themeansof access,thegeometryof thebuildingenvelope,the
relationof thebuildingto its siteandthewaysin whichtheusersandbuildersrelateto
thebuilding.
Buildingsthatareusuallydesignedto meetthe requirementsof one particular
ownerororganization,becomespecializedandtheyaccommodatespecializedactivities.
Thatfactcreatesdifficultieswhile adaptingbuildingsto changingneedsduring its
lifetime.Ontheotherhand,a buildingthatcanbeusedfor manydifferentpurposesand
thatis easilyadoptedto servemanyactivities,eliminatesor reducesthe need for
demolitiona drebuildingto servechangingneeds.
"Thesustainablebuildingis onewhichusesleastcapitalenergyin its construction
anduringits occupationhasminimumenergyrevenuerequirements.Both theenergy
capitalndrevenuecostsof thebuildingarerelatedto its geometryin a similarway."
(Moughtin,1996;p:29)As theratioof theareaof thebuildingenvelopeto theusable
floorareaincreases,both types of energycosts tend to increase.Therefore, the
sustainableuildingis onewhereitsenvelopeis thesmallestfor a givenusablefloor area.
Forexample,the single-storysquareplan has an advantageover the exaggerated
rectangularplanshape.However,two, threeandfour storybuildingsaremoreeffective
thanbothintermsof energyconservation.
In additionto Moughtin's statement,Knowles suggeststhat 'lhe cost of
maintainingabuiltarrangementis a functionof theamountof energyrequiredto sustain
thedesiredsteadyinternalstatewhilethe externalenvironmentgoesthroughits cyclic
variations."(Knowles,1974;pp:63)In orderto explainhis statementheusestheterms
"stress"and"susceptibility".Stresscanbe measuredin termsof theamountof energy
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necessaryto maintainthebuilt arrangementandtheamountof maintenacenergyis a
functionof thevariationin forceeffectuponthearrangement.Andthetermsusceptibility
canbedescribedas a functionof the ratio betweenexposedsurfaceand contained
volume.Themoretheexposedsurfacefor thecontainedvolume,themoresusceptibility
thearrangement.This surface-to-volumeratio (SlY) or thecoefficientof susceptibility
canbecorrelatedwiththestressrangeona site.
ThecorrelationbetweensizeandSN canbeexplainesby anexpandingcube.A
unitcube,-onesfacein contactwith te ground-exposesfive unit surfaces,while its
volumeis one,thusSN = 5. If theedgedimensionsof thatcubearedoubled,then SN
=2,5(itssurfacestotal20,volumeis 8).Accordingto thoseratios,it canbesaidthatthe
smallercubeis moresusceptibleto environmentalstressthanthe largeras big things
havesmallersurface-to-volumeratiosthansmallthings.
Whenthecubesarerearrangedintoeightunitvolumes,thatwill producea higher
SlY ineachcase.For example,if theeightunitvolumeis arrangedin a row sothateight
facesareincontactwith thegroundplane,thenSN is 3,25.(Fig.5.26a)And if theyare
rearrangedintoa tower shape,thenSN =4,12,which is higherthantherow andthe
cubeofequalvolume.
In addition,complexityof a shapealsoaffectsSlY. Complexshapesgenerally
haveahigherSN. (Fig.5.26b)So sizeandshapetogetherdeterminethecoefficientof
susceptibilityby determiningSlY. "Largeandsimpleshapeshavea lower S/V andare
lessusceptible.Smalland complexshapesaremuchmoresusceptible,with a higher
SlY." (Knowles,1974;pp:67)
5.3.2.BuildingForm
Building form has an importanteffect on energy efficiencyand building
morphologycansignificantlyreducetheheatingload.Controllingtheheatbalanceof a
buildingis a matterof guidingthe reflection,absorptionand releaseof heatand the
movementof heair.Andthebuildingformsguidethisflow of energyin differentways.
Forexample,a rectangularshapedhousewiththelengthnotmorethan1,5times
thewidthandelongatedtheeast-westdirectionwouldminimizeheatlossin winterand
overheatinginsummer.(Garg,1987)This is becauseof thateastandwestfacesreceive
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a·
more radiationin summerand shouldhaveless areawhile southfacesreceivemore
radiationi winterandshouldhavelargerarea.
b.
Fig.5.26.(a)Theshapeof theformhasaneffecton itssurface-to-volumeratio
(b)Simpleshapesgenerallyhavealowersurface-to-volumeratio 77
And also multi-storeyedbuildingsshouldbe preferredthanthe singlestoried
buildingwith the samevolumesinceit would haveless exposedareaand therefore
comparativelyl ssheatloss.If a partof thebuildingis sunkenin theground,it will also
beenergyefficient,sincethe temperaturein the undergroundat a 3m. depthremains
constantandis generallyequalto theannualaverageof airtemperature.(Garg,1987)
5.3.2.1.BuildingForms As Archetypes
Threebasicformsasarchetypesusetheprinciplesof energyflow in threequite
differentways.Eachtypedevelopedin responseto theneedto createlivingspacewithin
specificclimaticconditions,works in waysquitedifferentfrom eachother.(Fig. 5.27)
Together,throughthe shapingof shelter,they illustratea wide rangeof meansfor
controllingenergyflow.
Thefirstbuildingformis theraisedstructure,or buildingon stilts.The strategy
ofthisformis to allow movementof air all theway aroundthe structure.When the
structureis raised,a shadedcool zoneis createdunderneathandthishelpsto keepthe
floorofthebuildingcool andservesalsoasanoutdoorlivingspace.Air movingaround
thestructurehelpsto preventpocketsof warmair fromformingandthemovementof air
generallykeepsthestructuresomewhatcoolerthanits surroundings.Raisedstructures
aremostcommonlyfoundin thetropicsastheyaremuchmoreeffectivein creatinga
coolerinteriorinawarmclimatethanin creatingawarminteriorin a coolclimate.
Thesecondform is the earth-shelteredstructure,which is dug into the earth
becomingpartof it andsharingin itsthermalbalance.Thesestructuresusetheearthasa
kindof thermalgovernor.A few feet below ground level, the temperatureis fairly
constantatabout12°to 15°C andbeingbelowgroundlevelcreatesan insulationfrom
temperatureextremes.In thatframe,the earthshelteredstructuresareableto release
heattothegroundthroughconductionwhentheir interiorsarewarmeranddrawheat
fromitwhentheyarecooler.Thesestructuresaremosteffectivein areaswhereclimatic
extremeseitherveryhotor verycoldor both.
Thethird form is the sunspace,which IS a portion of a buildingspecifically
shapedtocollectandstoresolarradiation.Thesunspaceworkslike a greenhouse.It has
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asizableareaof southfacingglassthroughwhichshort-wavelengthsolarradiationflows
whenthebuildingneedswarming.(Lyle, 1994)
Theseall archetypesrepresenta distinctlydifferentmeansof controllingenergy
flow. However,they can be combinedin one structure.A structureon stilts can
incorporatea sunspaceor at leastusethesunspaceprinciplein providingsouthfacing
glassforits interiorspaces.Shortly,thesethreebasicconceptsof energy/ earthforms
canbeusedinvariouswaysandalmostunlimitedcombinations.(Lyle, 1994)
HOT DESERT ZONE TENT
VentI Lamp platform
small$huttered
windows
HOT DRY ZONE HOUSE
HOT SAVANNA ZONE HOUSE
Sleeping
platform
HOT HUMID ZONE HOUSE
MEDITERRANEAN ZONE COURTYARD HOUSE
COLD ZONE HOUSE ESKIMO IGLOO
Fig.5.27Housingin differentclimaticzones(WMO, 1996;pp:17)
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5.3.3.HousingTypes
Anothervariableof energyefficienturbandesignis thehousingtypes.Thereis a
considerableeffectof housingtypesin providingnaturalventilation,orientation,etc.
Differenttypesof housingrepresentsdifferentsensitivitiesto theclimaticfeatures.
Thehousingtypesandtheirpropertieswhichareto be givenin thissubtitleare
explainedinthecontextof hot-humidandhot-dryclimateconditions.
DetachedSingleFamily Houses:Detachedhouses,exposedto theoutdoorair
onall sides,providesgood potentialfo maturalventilation.For a given thermal
resistanceof theenvelopetheexpectedindoorcomfortduringthedaytimehourswould
notbeworsethanin morecompactbuildings.A detachedhousewill cool down faster
thanothertypesof buildings,providingbettercomfortwhentheoutdoorwind usually
weakensor subsidesduringtheeveningandnighthours.From theventilationaspect,
thistypeistheleastsensitiveto theorientationof thebuilding.And it canbesaidthat,a
detachedhouseisthemostsuitablein ahothumidclimate.
Singlefamilydetachedhouseshavethehighestenvelopesurfaceareaamongthe
variousbuildingtypes.Therefore,in hot dryregions,therateof temperatureriseduring
thedaytimehoursin singlefamilyhousesis thefastest.So thisbuildingtypeexhibitthe
highestheatingloadin winter.Beinglesssensitiveto orientationwith respecto thesun
andthewinddirection,detachedsinglefamilyhousemaybethemostappropriatetypein
hot-dryegions,in spiteof theirlargerenvelopesurfacearea.
Townhouses(Row Buildings}:A setof severalsinglefamilyunits,attachedto
eachotherontheirsidewalks,formsa row of dwellingunits.Theunitscanrangefroma
singlestoryup to threestories.From theclimaticaspect,afterdetachedhouses,town
housesprovidethenextbestbuildingtypefor masshousingin hot-humidregions.In
addition,townhousesare much more sensitivethan single family houses,from the
ventilationaspect,to theirorientationwith respecto thewinddirection.
In comparisonwith thatof a singlefamilydetachedhouse,theexposedareaof
thebuildingenvelopeis smaller.In a hot dry climatethis factor reducesthe rate of
temperatureris duringthedaytimehours,while if thebuildingis designedfor effective
crossventilation,itscoolingratein theeveningsmaynotbeaffectedby thefactthatthe
80
dwellinghasonlytwo externalwalls.In hot-dryclimate,a north-southorientationfor the
externalwallswill minimizetheexposureof the townhouseto thesunin summerand
maximizeitspotentialfor solarheatinginthewinter.
Multi-Story Apartment Buildings: Multi-story apartmentbuildingshavethe
smallesturfaceareaof theenvelopeof all buildingtypes.Thereforetheirrateof heat
gainin summerand of heatloss in winter is also the lowest.However,multi-storied
apartmentbuildingsmaypresentdifficultiesin providingcrossventilation.(Cook, 1991)
5.3.4.Utilizationof Sun
Utilizationof sunis anotherparameterfor energyefficiency.In orderto improve
thecomfortof theinhabitantsindoorsandoutdoorsandto reducetheenergydemandof
thebuildingsfor heatingin winterandfor coolingin summer,theachievementandthe
regulationf solaraccessis significant.
Buildingscanactasa barrierfor solaraccessandair movementbecauseof their
heights,heirlocationalrelationwitheachotherandthedistancesbetweenthem.On the
otherhand,two factors influencingbuildinginteractionare slope and orientation.A
particularslopeandorientationcharacteristicsformanareaof influence.Whentheslope
increases,theareaof influenceincreasesin dependentof orientation.
Knowlessuggeststhat"The areaof influence,whichis basedon a unitheight,
mustbe convertedinto a dimensionalrelationshipbetweenheight and the area
influenced.This is doneby meansof the height-to-arearatio (HI A). This conversion
requiredseveraldescriptivestepsleadingto a buildingincrement."(Knowles, 1974;
pp:77)
A landincrementcanplacesomeinitiallimitationson theplandimensionsof the
buildingincrement.But anotherrequirementwould be a heightlimitation.While the
developmentof building,heightcriteriamayseemunnecessary.However,what seems
reasonableisthatbuildingsshouldnotshadeeachotherunduly.Theresultis a height-to-
arearatio(HJ A) thatlimitsbuildingheightandareaof influenceas a functionof slope
andorientation.Withintheheightandarealimitsof buildingincrement,buildingsmaybe
placedin relationto one another.The ultimatepurposeis to producea systemthat
representssomebalancedresponseto nature.
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5.3.4.1.DistanceBetweenBuildings
It canbe saidthat,besidesbuildingheights,theutilizationof thesolarradiation
aspassiveheatingor air conditioningis also the functionof open spacesbetween
buildings.Whensunradiationstrikesto a surface,thenthereoccursa shadedarea.The
dimensionsof that shadedareaaltersaccordingto the sun angle.If the preferred
conditionisreceivingmaximumdirectsolarradiationthenthedistancebetweenbuildings
shouldbeequalor morethanthehighestdepthof shadedarea.
On the otherhand,varyingof angularpositionof the sun with respectto the
directions,the acceptabledistancesbetweenbuildingsdiffer in accordancewith the
orientationf thebuildings.
Thaalterationof thedistancesin thedirectionof prevailingwind,alsodiffersthe
velocityof thewind thataffectthebuildingfacades.In thatcase,thedistancebetween
buildingsshouldbedeterminedalsoby consideringthewindvelocitieswhichaffectsthe
buildingfacades.
A methodin determinationof suitabledistancesbetweenbuildings:
To receivemaximumdirectsolarradiation,thedistancebetweenbuildingsshould
beequalor morethanthe highestdepthof shadedarea.The shadedfacadesareonly
undertheeffectof diffusedsolarradiation.Unshadedfacadesreceiveboththedirectand
diffusedsolarradiation.(Ak, 1994)
Thefactorsin determiningthedistancebetweenbuildingsare:
-latitude
- climate
- siteorientation
- topography,slopeangle
- orientation
- buildingformandheights
- profileangle
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Themethodis;
1.Determinationof thecharacteristicsof thedaywhichtheheatingis preferred,
2.Determinationof theprofileangles,
3.Evaluationof thedepthof shadedarea,
In evaluatingthe depthof shadedarea(u); the latitudeand the heightof the
buildingisusedfor anytimeof theday.(Fig. 5.28)
u =cotO. h
In sloped areas,the depth of shadedareas is evaluatedaccordingto the
orientationf thesiteandfacades,timeandprofileangleandalsoheightsof backand
frontfacades.In additionto that,theshadewhichthebuildingscreateperpendicularto
theslopedirectionsholdbeevaluated.
Theevaluationof theshadedareawith respecto thefrontheight:(Fig. 5.29)
tanO=b/u b=u. tan0
hf(b-a) =u . (tan0 - tans)
u= 1 . hf
( tan0 - tans)
n=profileangle
hf=frontheight
hb=backheight
s =angleof theslope
u =depthof shadedarea
If s=nthenu =00
If s>nthenu =00 (Fig. 5.30)
tans=a/u a=u.tans
Whenthedepthof theshadedareais evaluatedaccordingto thebackheight;
u= 1 . hb
(tann+tans)
Determinationof thepropervaluesfor distancesbetweenbuildings:
Propervaluesfor distancesbetweenbuildingsshouldbe definedin accordance
withthedepthof shadedarea.The limit valuescanbe definedaccordingto thedirect
solarradiationwhichaffectsthesurfacesduringthehoursaftersunrise.
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Profile angles,whichaltersaccordingto the hours,also changesthe depthof
shadedareawith respectto theeachdirection(N-S, NNW-SSE, NW-SE, WNW-ESE,
W-E, WSW-ENE, SW-NE)
H
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Fig.5.28Evaluatingthedepthof shadedarea(Ak, 1994,pp:52)
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Fig.5.29The evaluationof theshadedareain slopedareaswith respectto the
front height(Ak,1994,pp:53)
Fig.5.30Theconditionof havinginfiniteshade(Ak, 1994,pp:54)
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As it is showninthefigure5.31,in I-I section,thedepthsof shadedarea(U], uI)
canbeevaluatedwith;
- U3,in t},nal anglefor surfacea;
- u1,in t2,na2 anglefor surfacea
Andin II-II section,thedepthof shadedarea(u4,u2)canevaluatedwith;
- u4,in t1,nd anglefor surfaced
- U2,in t2,nb anglefor surfaceb
Whentheseshadedareas,which were evaluatedwith differenthours, are
comparedintheconditionsof;
- In I-I condition,Ul (int2)>U3(intI)
- In II-II condition,U2 (in t2) >U4 (in tI) areobtained.In thatcase,whenthe
distancesbetweenbuildingsareacceptedas equalto thedepthsof shadedareaswhich
werevaluatedaccordingto t2, receivingdirect solar radiationboth in tI and t2 is
provided.(Ak, 1994)
Theday-hournumberof receivingdirectsolarradiationof thesurfaceswhichare
orientedtowardsdifferentdirections,differsaccordingto thedirectionsandthedays.
Beingunderthe effectof solarexposurewhenthe intensityof the directsolar
radiationismaximum,is preferablefromthepointof heatingeconomy,in cold andcool
climater gions.Howeverto providethatmaximumsolarradiation,thedepthsof shaded
areandsothedistancesbetweenbuildingsshouldbedeterminedin accordancewith the
lowestprofileangles.Theprofileanglesfor E, ESE andSE directionsshouldbetakenin
thehoursof sunriseandfor W, WSW, andSW directions,in thehoursof sunset.In
thatcircumstances,thedistancesbetweenbuildingsreachhighervalues.
5.3.5.Openings
This variableis directlyrelatedto building itself as openingsare parts of
buildings.Themovementof air,thusof heatingandcoolingcanbeguidedandcontrolled
bytheopeningsin a structure.Air movementcan be inducedby either pressure
differencesor temperaturedifferences.Therefore,the significanceis the movementof
air.Air movementboth in indoor and outdoor has relationshipwith each other.
However,inthissubtitle,interiorairmovementis considered.
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Fig.5.31Alterationof thedepthof shadedareaaccordingto thedifferenthours
(Ak,1994;pp:56 )
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"The most commonconditionof interiorair movementis cross-ventilation,in
whichthemovementof air is enhancedbythebuiltup of pressureon thewindwardside
ofabuildingrelativeto thelow pressureareaontheleewardside."(Lyle, 1994;pp:108)
Thedifferencein pressurecausesmovementof air if openingsarelocatedin the
wallsonthetwo oppositesides.Thevolumeof air flowingthroughwill belargeandits
speedsomewhatgreaterthantheinlet,if theopeningsarelargeandequalin size.If the
inletis largerthanthe outlet,the flow will tendto dissipatebetweenthe two. The
placementof heinletis muchmoreimportanthantheoutlet.If theplacementof inletis
low,theresultis downwardmovementof air. A higherplacementcausesair to move
upward.(Fig.5.32)
Fig.5.32Interiorairmovement(Lyle, 1994;pp:108)
Theotherprincipleof air movementis thatof warmair rising.The air tendsto
movefrombottomto top,wheninletsarelocatedcloseto thegroundandoutletslocated
high.thegreaterthe heightdifferenceandthe largerthe temperaturedifference,the
fasterwilIbetheairmovement.Heatchimneysareextremeexamplesof theapplications
ofthisbasicprinciple.The highceilingscommonlyseenin warm climatesfollow the
sameprinciple.
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5.3.6. Ventilationand Cooling
In the prevIOussubtitle,the principlesof air movementrelatedto interior
ventilationare explained.Thus, in this part, the architecturalforms that use these
principlesof interiorenergyflow to inducecoolingeffectaregoingto bementioned.
Windscoops,whichwerealreadyusedseveralthousandsyearsagoin Egypt and
arestillfoundin theMiddleEasttoday,areusedto maximizeventilation.Whenthereis
astrongprevailingwind direction,thescoopsareall armedin thesamedirection.(Fig.
5.33)In areas,wherethereis no prevailingwind direction,windtowerswith many
openingsareusedas in Dubai on the PersiaGulf The mashrabiyais anotherwind-
catchingfeaturein theArabicMiddleEast.(Fig. 5.34)Thesedelicatewood screenskept
mostofthesunoutyetallowedthebreezeto blowthrough.(Lechner,1991)
Cool towerare largeverticaltubesusedto cool outdooror indoorspaces.the
tubemustbe at least25 feetaboveground.In the top of the tube,thereis a water-
soakedairfitterthatcoolsair thatpassesthroughit. After cooling,theair falls to the
bottomof thetower,whereit flows out througha largeopening.The cool air spreads
outfromtheopeningto coolthesurroundingspace.(Fig. 5.35)
Cooltubesareburiedin theearthandopento theinteriorof a structureat one
endandto the outsideair at the other.As air movesthroughthe tube,pulledfrom
outsideto insideeitherbya fanor by a flow inducedby risingwarmair,thesurrounding
earthcoolsit throughits own relativelyconstantemperature.Sincewarmair canhold
moremoisturethancool air, it loseswateron thejourneythroughthetube,thushelping
toreducehumiditywithinstructure.
Thesearesimplylongtubeswhichareusually8 to 24 inchesdiameter.However,
thediameterandlengthof thetubesdependson thecalculatedneedfor cool air within
thestructure.
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Fig.5.33The windtowersin Hyderabad,all face the prevailingwind and the
windtowersinDubai,catchingthewindfromanydirection.(Lechner,1991~pp:175)
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Fig. 5.34The mashrabiya,Cairo, (Lechner,1991;pp:176)
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(cant.nextpage)
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Fig.5.35.(a)Thelocationof cooltowersatEXPO'92 (Alvarezet.aI.,1991;pp:196))
(b)Cool towerattheAvenueof Europe(Alvarezet.al.,1991;pp:197)
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(Fig.5.35.continue)
(b)
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5.3.7.Shading
Shadingis mentionedbeforeasexternalshading.In thissubtitle,it is goingto be
explainedatbuildingscale.
Therearetimes,whenthe heatgain shouldbe maximized,andtimes,whenit
shouldbeminimized,anda greatmanytimesin between.It is possibleto designfixed
overhangsandothershadingelementsof a buildingto allowthesunto shinein during
thewinterandexcludeit in the summer.Movableshadingelementscanprovidemuch
moreflexibleand responsivecontrol.Overhangsor canopiesthatcan be retractedor
removedto differentpositionsfor finetuningtheheatgain.(Lyle, 1994)
Thebenefitsof shadingaresogreatandobviousthatits applicationscanbeseen
throughouthistoryandacrossculture.Manyof thelargershadingelementshadthedual
purposeof shadingboththebuildingandanoutdoorlivingspace.In ancientgreekand
Romanbuildings,theporticoandcolonnadeshadthispurposeasa partof theirfunction.
Later,insouthAmericatheGreekrevivalarchitectureofferedshadingalsoas symbolic
andestheticbenefits.Buildingelementsareusuallymultifunctional.The greekportico
alsoprotectsagainstherainwhileprovidingsolarcontrol.(Fig. 5.36)Thereis a rich
supplyof historicalexampleslike; the porch, veranda(from India), balcony,loggia,
gallery,arcade.In Japanesearchitecture,the veranda-likeelementcalledthe engawa
(largeoverhangs),protectedtheslidingwall panelsthatcouldbeopenedto maximize
Fig.5.36Colonnadesandporticoesin ancientGreekarchitecture(Lechner,1991;
pp:134)
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accessto ventilation,lightandview.Whenthepanelsareclosedlightentersthrougha
continuoustranslucentstripwindowabove.Many greatarchitectshaveunderstoodthe
importanceof shadingandusedit to createpowerfulvisualstatements.Le Corbusieris
mostcloselylinked with an aestheticbasedon sun shading.For him the aesthetic
opportunitieswereas importantastheprotectionfrom thesun.He inventedthe fixed
structuralsunshadenow knownas"brise-soleil"(sunbreaker).(Lechner,1991)
Direct,diffuseandreflectedradiationarethethreecomponentsof thetotalsolar
load.Whenpassivesolarheatingis not wanted,a windowmustalwaysbe shadedfrom
thedirectsolarcomponentandoftenalsofromthediffuseskyandreflectedcomponents.
(Fig. 5.37)In humidregions,thediffusesky radiationcanbeassignificantasthedirect
radiation.And in thatregions,dustor pollutioncanalsocreatemuchdiffuseradiation.
Ontheotherhand,reflectedradiationcan alsobe an essentialproblemwhereintense
sunlightandhighreflectancesurfacesoftenco-exist.In urbanareas,thisproblemoccurs
wherehighlyreflectivesurfacesbe quitecommon.Concretepaving,white walls and
reflectiveglazingcan all reflectintensesolar radiation.Dependingon the size of the
direct
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Fig.5.37Directandreflectedcomponentsof solarload(Lechner,1991;pp:139)
directdiffuseandreflectedcomponentsof thetotalsolarload,thetype,sizeandlocation
ofashadingdevicewill bedecided.The reflectivityis oftenaccomplishedby theuseof
plants.Thediffuseskycomponentwhichis a muchharderproblem,is usuallycontrolled
by indoorshadingdevicesor shadingwithinglCl;Zing.The directsolarcomponentis best
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controlledbyexteriorshadingdevices.Theidealshadingdevicewill blocka maximumof
solarradiationwhilestillpermittingviewsandbreezesto enterawindow.
5.3.8. Lighting
Lightingis a significantenergyuser,althoughthe amountis considerablyless
thantheamountusedfor heatingandcooling.In addition,lightingis theleastefficient
commonuseof energy,about95% of theenergyuseddissipatesasheat.
Energyusedfor lightingandfor heatingandcoolingarecloselyinterrelatedwith
eachother.Admittingsolar light raysmeansthe lessneedfor electriclightingand it
meansadmittingheatenergyaswell.
Designingfor bothdaylightandthermalenergyflow, a windowshouldbelocated
soastoguidearmovementandprovidedaylightandto dobothwheretheywill bemost
effective.(Lyle,1994)
The orientationand form of the buildingare critical factors in a successful
daylighting.The southorientationis usuallybestfor daylighting.The south side of a
buildinggetssunlightthroughoutthe day andthe year.This will also be desirablein
winterwhenheatingeffectis required.On thisorientationsuncontroldevicesarealso
mosteffective.
Becauseof theconstancyof thelight,thesecondbestorientationis north.The
quantityofnorthlightis ratherlow,howeverthequalityis high.In veryhotclimatesthe
northorientationmaybe evenpreferredto the southorientation.The worst situations
are,eastandwestorientations.Theseorientationsreceivesunlightfor onlyhalfof each
dayandthesunlightis at a maximumduringsummerinsteadof winter.And alsobeing
lowinthesky,eastandwestsuncreatesglareproblem.Thehorizantalorientationis not
alwaysapplicable.Whenapplicable,horizantalopeningsallowfairlyuniformillumination
oververylargeinteriorareasandalsohorizantalopeningreceivemuchmorelightthan
verticalopenings.
Theformof thebuildingnot onlydeterminesthemix of verticalandhorizantal
openingsthatis possible,but also how muchof the floor areawill have accessto
daylighting.
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Generally,in multi-storeybuildingsa 15 feetperimeterzonecanbe fully daylit
andanother15feetbeyondthatcanbepartiallydaylit.(Lechner,1991)The figure5.38
showstheavailabilityof daylightaccordingto the variationsof a multi-storeyoffice
buildings.Eachbuildinghasthesamearea.Thecoreareaof therectangularplanreceives
no daylight,butit stillhasa largeareathatis onlypartiallydaylit.The atriumis ableto
haveallof itsareadaylit.
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Fig.5.38Theavailabilityof daylightaccordingto thevariationsof buildingtypes.
(Lechner,1991; pp:321)
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5.3.9.Building Materials
Thereasonsof determiningbuildingmaterialsasa variableof energyefficienyare
thattheyinvolvea considerableamountof energyuseintheirmanufactureandtheyhave
thermo-physicalpropertieswhichareof importancefor energyconservationin buildings.
All buildingmaterialsoriginatein theearth;somerequireonly man'seffortto
makea structure.Buildingfromearthdoestheleastdamageto theenvironment.Being
closetothebuildingsite,it doesnot involvetransportenergycostsandwhenno longer
neededthebuildingdecomposesnaturallywithoutgivinganyharmto theearth.
Whennon-renewablenergyisused,pollutionresultsfromitsextraction,refining
andfabrication.And theyrequireadditionalenergyfor transportationto thesiteandfor
constructionprocess.
Therefore,in choosingabuildingmaterialthefirstconsiderationis theamountof
energyusedin its manufacture.The materialcloseto its naturalform, havinglower
energycontentendto betheleastpollutingsincelessenergyhasbeeninvolvedin their
manufacture.On theotherhand,thoughtheyarehighin energycontent,someformsof
insulationresultin a lowerenergydensity.If theseinsulatingmaterialsareusedin correct
manner,thereductionin theenergydemandwill beduringlifetimeof thebuilding.In that
case,thesavingsin energyrevenuearegreaterthantheextraenergycapitalexpended.
(Moughtin,1996)
On the other hand, when the thermo-physicalpropertiesof materialsare
considered,it is seenthat there are threethermo-physicalpropertieswhich are of
importancefor energyconservationin buildings.Thoseare;thethermalresistance,heat
capacityandsolarabsorptionof surface.
A buildingmaterialor a combinationof buildingmaterialsfor walls,roofs,floors
andinternalpartitioanshouldprovideahighthermalresistancetogetherwitha highheat
capacity.Thethickandheavystructureof wallsandroofs supresstheamplitudeof the
externaltemperature,smoothout variationin insidetemperatureand storessufficient
amountofheat."In thisrespect'TrombeWall' whichis highmasswall onthesouthside
ofthehouse,blackenedandglazed,will be veryusefulwhichnot only servesas solar
energycollectorbut also as storageand built in radiantheatingpanel"(Garg, 1987;
pp:10)
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5.3.9.1.TransparentMaterials And Thermal Mass
Transparentmaterialsallow the short wavelengtsof solar radiationto pass
through."Afterstrikinginteriorsurfaces,the reflectedraysarelong in wavelengthand
thesedo not pass throughso readily.This way of trappingof heat is called the
greenhouseeffect."(Lyle, 1994;pp:107)
Nevertheless,transparentmaterialsarepoor insulators.Theyreadilyloseheatby
exchangewith outsideair. Transparentsurfacesmay lose moreheatthanthey gain.
However,a carefulsizingandplacementof transparentsurfacesmaintainsthebalance
betweenincomingandoutgoingheatto keepinteriorswithinthecomfortzone.
Thermalmassis to storethe heatand reradiateit whensolar radiationis no
longercomingin. In thisprocessstoragecapacityis essentialfor operationandis often
thelimitingfactorfor effectivenessof thesystem.Thermalmassabsorbsa greatdealof
heatrapidlyandreleasesit slowly.
"Materialsvarygreatlyin theircapacityfor storingheat.Brick, stoneandwater
makexcellenthermalmass,wood, wallboardand most metalsdo not. The most
effectivethermalmasstendsto be dense,heavy,bulkyandrelativelyexpensive."(Lyle,
1994;pp:107)
Sinceenergyconsumptionfirst becamea matterof concernin the 1960's,the
technologyof thermalstoragematerialshas shownimprovements.The use of phase-
changematerialsuchas Glauber'ssalt is amongthe more interestingdevelopments.
Thesephase-changematerialsabsorba largeamountof heatin passingfroma solidto a
liquidstateandthenreleasetheheatwhentheyreversethechangeandreturnto thesolid
state.Duringthewarmhoursof theday,thesematerialschangeto a liquidandduringa
coolerperiodtheyreturnto a solid.
Theamountof translucentsurfaceandthevolumeandsurfaceareaof thermal
massareincloserelation.The largerthetransparentsurfaces,themorethermalmassis
neededto absorbthe incomingheat.The ratio of thermalmasssurfaceto transparent
surfaceusuallyshouldbeatleast3 to 1.
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5.4.Summary:Urban DesignFor Hot-Humid and Hot-Dry Regions
As a summaryof theprevioussubtitles,includingthevariablesof energyefficient
urbandesign,whichclimaticmodificationshouldbe takeninto considerationandwhat
urbandesignshouldaimin hot-humidandhot-dryregionsaregoingto bemadeclearin
thispart.
Thereasonfor choosingthehot-humidandhot-dryregionsamongotherclimatic
regionsisthat;in suchclimaticareasor regions,to modifytheclimaticcharacteristics,to
improvethecomfortof the inhabitantsoutdoorsandindoorsandto reducethe energy
demandof thebuildingsfor coolingin summerareharder.Most of thecountriesin the
hot-humidareasaredevelopingcountriesandvastmajorityof peoplecannotaffordair
conditioning.Thereforethermalstressshouldbe minimizedprimarilyby appropriate
urbanandbuildingdesigndetailswhichdo not involvehighcost.Also desertclimates
providethemaximumopportunityfor bioclimaticdesignon anurbanscale.In addition,
theprojectsite,Izmir, whichis goingto be studiedin thecontextof thisthesis,hasthe
climaticfeaturesof hot-humidregions.
5.4.1.Hot-HumidRegions
Thestreetlayout,to providegood ventilationconditionsfor pedestriansin the
streetandgood ventilationof the buildingsalong the streetsare the main climatic
objectivesinhot-humidregions.
Whentheurbantemperaturereachesits maximumduringthe afternoonhours,
thebestventilationwithinthestreetsandthesidewalksis achievedwhenthestreetsare
paralleltothedirectionof theprevailingwinds.(Givoni, 1991)As it is verycommonin
manytownsin developingcountries,streetsperpendicularto thewind direction,with
closelyspacedlongbuildingsalongthem,blockthewind in thewholeurbanarea.Wide
mainavenuesorientedatanobliqueangleto theprevailingwinds(between30°and60°)
enablespenetrationof the wind into the heartof the town. The buildingsalongsuch
avenuesareexposedto differentair pressureson their front and back facades.The
upwindwallis at a pressurezonewhile the downwindwall is at a suctionzone, thus
providingthepotentialfor naturalventilation.
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Aswellastheurbantemperature,urbandensityis amongthemajorfactorswhich
determineth urbanventilationconditions.Thehigherthedensityof buildingsin a given
area,thepoorerwill beitsventilationconditions.However,for agivendensity,theurban
ventilationconditionscandifferaccordingto theparticularconfigurationof buildingsby
whicht edensityis obtained.
In anurbanconfiguration,in hot-humidregions,highlongbuildings,of aboutthe
sameheight,perpendicularto thewinddirectionshouldbeavoidedasmuchaspossible.
Thus,thisconfigurationblocksthewindandcreatespoor ventilationconditionsboth in
thestreetsandfor thebuildings.Theurbanventilationis enhancedbyanurbanprofileof
variableuildingheight,wherebuildingsof differentheightareobliqueto thewind.
5.4.2. Hot-DryRegions
Inhot-dryregions,thetypicaldaytimesummertemperaturesarein 32°-36°range
whileinhotteregionstheymayexperienceabove40°andupto 45°andevenhigher.
In thatcircumstances,theurbandesignin hot-dryregionsshouldaim;(Givoni,
1991)
• to chooselocationswith the mostfavorableclimate,mainlylower summer
temperatures,
• tominimizeurbantemperaturelevationabovethesurroundinglevel,
• toenablegoodventilationpotentialfor thebuildings,especiallyin theevenings
andintheopenspaces,
• toprovideshadein summerin thestreets,oversidewalksandin openspaces,
• to providesolar accessin winter for the buildingsand in open spaces,
especiallyinregionswithcoldwinters,
• tominimizethedustlevel.
Lowersummertemperaturesandventilationconditionsespeciallyin theevenings
andat night should be consideredwhile choosing a location for a town or a
neighborhood.On the other hand, the wind is sometimesundesirablebecausethe
outdoorairtemperatureis aboveskintemperatureandthewindincreasestheconvective
heatgainofthebody.Therefore,themainconcernin hot-dryregionsis how to provide
thepotentialforeveningandnightventilationfor thebuildings.
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Whenurbandesignis considered,it canbe saidthatthedensityof thebuilt up
areainhot-dryclimatemayhavebothpositiveandnegativeeffectson humancomfort
outdoorandindoors,dependingonthedetailsof theurbanphysicalconfiguration."With
properdesignof the individualdwellingunitsa buildingcan be cross-ventilatedeven
whenopeningsareprovidedonly in the northernandsouthernwalls. In this case,the
distancebetweenthe buildingsalong the east/westaxis can be minimized,thus
minimizingalsosolarradiationin summeronthesensitiveeasternandwesternwallsand
windows."(Givoni,1991;pp:27)
Theeffectof urbandensityon urbanair temperatureis anotherconsideration.If
thecityis largeenoughandbuiltdenselyenoughit will bepossibleto achievea daytime
airtemperatureat thestreetlevelthatis lower thanin thesurroundingareas.With the
highdensityof buildingsandwhiteroofs,a largefractionof thesolarradiationwill be
reflectedupwards.The longwaveradiantlossfromthelargeroofs areacanthenexceeds
theabsorbedsolarradiationevenon a cleardayin midsummer.Undertheseconditions
theaveraget mperatureof theroof surfaceswill be lower thantheaverageregionalair
temperature.
In table5.3, basicurbandesignguidelinesrelatedto hot-humidand hot-dry
. .
regionsaregIven.
In figure5.39,the streetconfigurationsuitablefor hot-dryand hot-humidis
shown.Figure5.40illustratestheopenspacepatterns.
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Table5.3.Basicurbandesignguidelines
MAIN CLIMATIC MAJOR PROBLEMS /BASIC URBAN DESIGN
TYPES
ISSUESRESPONSES
HOT-HUMID
ExcessiveheatVentilation:openendsand
dispersedform.High humidity
Wide yopenstre tsto support
windmovementExtensiveshadowDis rsionof high-risebuildingst supportve tilationCombinedvariationofheightsWid yetshadowedop nspaceSha owing,pla nedtreezo sHOT-DRY
Excessivedry essComp ctform
combinedwith
Shadowing
hi daytemperature
Ev p ra iv cooling
Dusty n stormy
Prot ctedu ban d e from
h wi dsi war l c tion earao yof waterNarro i dinn ghb ur oodroa sandalle sM x f b ldingheighttoh hecitySmall,di persedan pr tectedp blicope pac sircu f renti la dint r ecti t e z esUs g o- cityc cept
(Source:Golany,1995;pp:164)
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B.
Fig.5.39Streetconfiguration(a)in hot-humidand(b) in hot-dryregions(Go1any,
1995;pp:164)
1O~
11.".,,,11I
OPEN SPACE GEN"ERATES STAGNATED COLD AIR IN THE Wli\'TER AND HUMID
Ai\iD HOT AIR IN THE SUMMER. THEY SHOULD BE COVERED WITH HIGH
TRUNK TREESTO PROVIDE SHADOW :\ND VENTILATION.
LARGEOPEN SPACES ARE INTOLERABLE SINCE THEY GENERATE DUSTY AI1\.
HIGH TEMPERATURE AT DAYTIME (AFTERNOON), AND COLD
TEMPERATURE AT NIGHT (STAGNATED AIR), AND CONSUME LARGE
QUANTITIES OF WATER TO MAKE THEM GREEN.
Fig. 5.40.Open spacepatterns(a) m hot-dryand (b) in hot-humidregIOns
(Golany,1995;pp:169)
105
Chapter6
ENERGY EFFICIENT URBAN DESIGN IN IZMIR
As it is explainedthat,thegoalof energyefficienturbandesignis to reduceurban
energyconsumption.Such a reductionwill lead to healthierenvironment,easethe
problemof pollutionand congestionto a considerabledegreeand provide thermal
comfortbothin outdoorandindoor.
In thechapterof "energyefficienturbandesignin Izmir", theenergyconsuming
featuresandproblemsof thecityaregoingto beconsideredanddesignguidelinesrelated
totheproblemsaregoingto bedetermined.
Themethodusedis;
• thecollectionof dataincludingclimaticandenvironmental(naturalandbuilt)
• theevaluationof all collecteddatainthecontextof energyefficiency
• thedeterminationof energyconsumingfeaturesof thecity
• finally,the integrationof energyefficiencyconsiderationsat urbandesign
scaleandthedeterminationof designguidelines.
6.1.GeneralCharacteristicsof Izmir
ThecityofIzmir whosegeographicoordinatesare37°45' northernlatitudeand
28° 20'easternlongitude,hasdevelopedaroundanaturalbaywhichis thebiggestonein
Turkey.
It issurroundedbytheYamanlarMountainfromthenorth,theManisaMountain
fromthenorth-east,heKemalpasaMountainfromtheeastandsouth-east,theextension
ofKemalpasaHeights,thevolcanicmassof KadifekaleandTekkeMountainfrom the
south.Thealluvionscarriedby the Gediz River had formedKar~lyaka-<;iglialluvial
plains.Ontheeastof thegulf existsthesedimentplainof Bornova.This plainexpands
fromthegulftotheeastwitha smallslope.(Fig. 6.1)
F' 6 1Thegeomorphologicalmapof Izmir (KIlu19, 1996;pp:16)Ig, .
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Izmir is a metropolisin whichregionaltrade,industrialandagriculturaldecisions
aretakenandin whichthoseareorganizedandcontrolled.After Istanbul,theGreater
IzmirAreahasthesecondessentialindustrialzone.In theregionalproduction,theshare
ofIzmiris 76 %. And Izmir is responsiblefor the 11 % of the nationalmarket.Its
commercialcapacityincreasinglyexpandedasitsporthasgrown.
Izmirhasdevelopedwith Konak as its center(CBD), andhasgrown alongthe
fourmainroadsthatconnectIzmir with the otherpartof the countryanddueto the
topographicalharacteristicsof thecity.The growthaxisalongtheroadscoincidewith
thevalleyswhich permittedeasiertransportationand encouragethe spreadof the
settlementalong them.Therefore,the shoreof thebay andits surroundingwith hill
chainsandvalleyshavegivenlzmir its spatialfor of an elongatedfingergrowth with
denselysettledshoresandvalleys.Therapidpopulationgrowthandeconomicconditions
havepushedsettlementsupto thehillsassecondarygrowthtendencies.
Onthenorthaxis,thefirstorganizedindustrialzoneof Izmir (AtatiirkOrganized
IndustrialZone) has been developed.Besides industrial potential, the region
accommodateshe collectiveresidentialareas.These residentialareasare separate
clustersscatteredalong the Izmir-Menemenroad and have relativelylow densities
comparingto theothergrowthaxis.Agriculturalvillageson thenortherncorridorare
alsonowpartof themetropolitanlimit.
Theeastaxishasthegrowthpotentialof industry.The industrialareais extending
intheregionofKemalpasa.
Thewestaxisis themostdenselyoccupiedpartof Izmir. Theregion,showinga
linearextensionparallelto the shoreendswith the recreationalareas.There are also
largeforestson the south.In addition,BalyovaBaths are the specialfeaturesof the
regIOn.
Thesouthaxis,whereindustrialandresidentialareashavedevelopedtogether,
hascompletedits availableextensionarea.The forestsandagriculturalareasarefactors
thathavepreventedevelopment.Theotherland-usesthathavetakenplacein thesouth
aretheairport,thedutyfreeregiondueto theexistenceof theairportandtheTahtali
Dam.(Fig. 6.2)
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6.1.1.DemographicStructure
As it was statedin the secondchapter,the populationis one of the mam
considerationin energy-environment-developmentpredicament.Yet, for everybillion
peopleaddedto theworld'spopulationatthesamelevelof energyuseperperson,new
energysuppliescapableof sustaininganadditionalcontinuousdrainmustbe mobilized,
paidforandtheirenvironmentalimpactssomehowabsorbed.
Followingthe statementabove,when the demographicstructureof Izmir is
examined,it canbesaidthatit displaysa magnificentpopulationincrease.Thereasonfor
thisis that its being a metropolitanand a region of developmentwhere a rapid
urbanizationccursaretheattractiveforcesfor themigrants.The populationof Izmir
was2.317.829in 1985and in 1990it became2.694.770(Table 6.1). The table6.2
showsthepopulationbyprovince,annualincreaserate,areaandpopulationdensity.The
populationsharedbydistrictsis shownattable6.3aandb.
As the populationgrows and economiesexpand,the level of energyusmg
activitieswill increase.However,it is certainthattheincreasingactivitieswill determine
thefutureenergyuse. Besides activityand populationgrowth, the propertiesof
populationhaveanadditionalimpactonenergyconsumption.
In thecontextof populationproperties,thecitypopulationis givenby sexandby
agegroupsattable6.4.
Theagingof thepopulationwith respecto continuingdeclinein birthrates and
riseoflifeexpectancywill affectenergyusein all sectors.Suchkindof changewill shape
thetypeofgoodsthatwouldbeproducedandtheservicesthatwouldbeprovided.
The higherlife expectancyof women relativeto men and changingfamily
structuresmayleadto furtherincreasein theshareof single-personhouseholds,which
wouldincreasenergyusepercapita.
Moreover,whenwe consider"lifestyle",a key issueis whetherpeopleconduct
activitiesathomeor travelawayfromhometo accomplishthem.However,theenergy
usedintravelingis almostalwaysmuchhigherthantheenergyconsumptionathome.
Ontheotherhand,thestateof literacyhavealsoanadditionaleffecton energy
consumption.We can relatethe stateof literacywith lifestyleconsiderationsand also
withincomelevels.Whenthenumberof literatepeopleincreasesandthelevelof literacy
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Table6.1.Populationgrowthin Izmir
195519605781990
IZMIR
910.496.0 3.490.234. 67427 173673 9 66 72 317 82969 77
(DIE, 1990)
Table6.2.Populationbyprovinceandannualincreaserate
1985 1990Annual IncreaseRate(%)
Populationof
Populationof Populationofrovincea dSub-districts
Total
provinceands Totalt ldistrictcentea dvillages
districtcenter
districtcenter
2.317.829
1.809.924507.9052.694.7702.134.81659 543 .143 . 29.5
---
Table6.3.(a)Orderof districtcenterbypopulationandannualincreaserate
(b)City andvillagepopulation,areaanddensityby provinceanddistrict
d.
District 19901985AnnualInc.
center
(population)(population)R te(%)
KONAK
66.7 080 .43413 92
KARSIYAKA
4 8 24342 439.
BORNOVA
72 862 0 60361
UCA
9 137 797
(DIE, 1990)
. b.
TOTALCITYVILLAGE
POP.
POP.
Total
MaleFemaleTotalAREADENSITY
BORNOVA
278.300145.00833. 92272 8602 590 15449 9912031 7
BUCA
03 837 29 .631301 57 184 52 0319
KARSIYAKA
24 1961 6 54 8 473 142
ON K
5 7948663599
~ (DIE, 1990)
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Fig.6.3.Population growth in Izmir
Total population
KaNAK
KAR$IYAKA
BUCA
BORNOVA
--'---l
I
oFemale
II Wale
IiilTotal
o 200.000 400.000 600.000 800.000 1.000.000
Fig.6.4. Total populationby province
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Fig.6.5(a)Citypopulation,(b)villagepopulationbyprovince
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Table 6.4 Populationbyagegroupsandsex
0-45-910-14
Total
MFTotal
2.694.770
1.379.7781.314.922219.7202.4807.24025 76565426 11179.9 343 835 2
15- 19 20- 245 93 3
Total
MFTotal
277.209
147.156130.053257 5383 72719 81146 7862 675123 4 95 920
35- 39 40 - 445 95 5
Total
MFTotal
199.171
102.71796.454160.24283.08177.1625 5 664 9226 612 4 45 103
55- 59 60- 645 97 7
Total
MFTotal
104.533
52.68451.8499 63843 578 060482 15430 39 701 .9 76 1
75-79 80- 845- +Unknown
Total
MFTotal
25.573
11.0114.5622705.1329. 388.62 95 9120. 9. 92
becomeshigher,andalsowhentheincomelevel increases,thelifestyleof thepopulation
changesin a mannerwhich causesan essentialenergyconsumptionwith respectto
increasingenergyusingactivities.Thetable6.5showsthestateofliteracyin Izmir.
In short;Izmir, a metropolisand the third greatestcity in Turkey presentsa
significantpotentialof development.It shouldbeacceptedthatenergyis thebasicinput
ofthiseconomicandsocialdevelopmentthattakesplacein thecity of Izmir.And the
populationsize,growthratesandpopulationpropertiesandtheeconomicaspirationsof
Izmirepresenta hugepotentialfor futureenergyconsumption.And today,it is known
thatalargeportionof theenergyis derivedfromfossilburning.
6.1.2.ResidentialDensity
Izmirhasa concentricdensitydistribution.Thepopulationdensityis at maximum
attheoldcitycenter,anddecreasestowardsouterparts.Oneof thebasicreasonthat
causesthisisthehighconcentrationof residentialunitsandbuildings.
Thehighestdensityappearsin theAlsancakdistrictwith 1857person/ha.On the
otherhand,the densityon the both sidesof the ikige~melikStreetis 1300person/ha
whilethedensityonthebothsidesof theMithatpa~aStreetis about1000person/ha.The
commercialsectionsand the businessareas(CBD) and Konak, in which partially
residentialpurposesminglewith, hasa densityof around80 person/ha.The gecekondu
areaswhicharearoundthe GreaterMunicipalityhavevery low densities.The density
aroundthedistrictslike Salhane,<;marh,Halkapmarespeciallywhicharecharacterized
bytheindustrialsectionsexcepttheresidentialsectionsin theEast is verylow; around
20person/ha.By thevirtueof theirtopographicnature,Ye~ilyurt,Karabaglar,Uzundere
districtsareamongthosewhichhavelow densities.In thoseplaces,the densityis 30
person/ha.(Ege-Koop,1993)
In Izmir,differentsocialstructuresandtheirdistributionpatternsin spacehave
causedthedifferentpatternsin residentialareas.For example,in thewesternpartof the
city,Giizelyahhas an organic relationshipsbetweenthe education,income and
professionlevels.In thisdistrictpeoplearerelativelyliterate,identifiedwith themiddle
class,white-collarjobs. Towardsthe inlandfrom Gtizelyah,Balyova,Gtizelbahyeand
arhderedistrictshaveidenticalsocialcharacteristicsin termsof educationlevel,income
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andoccupation.However,thelivingstandardsarequitelow in inciraltl.The Alsancak
regionhasthehighestindicatorsof income,educationandoccupationlevels.Unexpected
values,in thisregioncamefromBasmane,Yeni~ehirandilci~e~melikwhichhavelower
occupationgroups.Those placesare assumedto be amongmiddleincomeareas.In
Ye~ilyurt,LimontepeandUzundere,thelowerqualityof occupationandincomecanalso
beobservedtogetherwith the gecekondumovement.The easternparts, which are
Giiltepe,c;amdibi,Altmdag,I~lkkent,Pmarba~landBornovaaremadeup of lowerlevel
ofincomesandrelativelymid-levelof theeducationgroups.In thenorth,Kar~lyakahasa
characteristicsof residentialareawheremostlyupperandmiddleclassgrouppreferto
settle.Therefore,income,educationandoccupationlevelsarehigh.
6.1.3.TheRelationBetweentheSocialStructureand EnergyConsumption
As it was ststedbefore Izmir representa huge potentialfor future energy
consumptiondueto itspopulationsize,growthrates,populationproperties.
Whenthegraphof populationby agegroupsis examined,it is seenthatIzmir has
ayoungpopulation.This means,asthepopulationbecomesyounger,theactivityin the
cityincreases.The increasein thenumber,velocityandcomplexitycausesincreasein
energyconsumption.Whenthe levelof literacybecomeshigherandwhenthe income
levelincreases,thelifestyleof thepeoplechangein a mannerwhichcausesanessential
energyconsumption.(In today'sconditionthereis nota directrelationshipbetweenthe
stateofliteracyandtheincomelevel.)
In theprevioussubtitle,differentsocialstructuresandtheirdistributionpatterns
inresidentialreasareconsidered.The residentsof eachdistrict,havingdifferentsocial
structuresconsumedifferentamountsof energywith respecto theirlevelof education,
incomeandoccupation.
In general,theindividualpreferences,people'sdesireandabilityto acquireand
fashiondeterminethelevelof energyconsumption.
In urbaneconomics,accordingto the trade-offtheory,thereare somefactors
whichinfluencehousehold'slocationandthereforetransportationsystem.For example,
inordertominimizetransportcostspeoplepreferinnercitylocation.On theotherhand,
ifhouseholdwantsa largeamountof space,theyhaveto locatefurtherfromthecenter.
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Thisdemandis mostlymotivatedby income.Whenhousehold'sincomeincreases,their
demandfor spaceincreasestoo.
The inclinationin Izmir is that,thenewresidentialdevelopmentsfor both high
andmiddleincomegroupsaretakenplaceattheouterzonesonnorthandwestaxis,as
theinnercityis denselyoccupied.Besidesindividualpreferencesurbaneconomics,social
interactions,planningprocessandtransportationsystemandinvestmentsencouragesuch
kindof development.The resultis increasein thenumberof privatevehicles,therefore
morefossil-fuelconsumption.In addition,largeamountof spacerequiresmoreenergy
consumptionf r spaceconditioning.
Underthesecircumstances,it is requiredthattheconsumer,thedeveloper,the
governmenta dtheplannershouldhaveenergyconservationconsciousness.
6.2.ClimaticFeaturesof Izmir
Dependingon the naturalcharacteristicsand mainlyon climaticconditions,
locationof settlements,economicand culturaldevelopmentshavetakenplaceon the
plainsofAegeanSubregionwhicharelocatedamongthemountainsandthroughouthe
Aegeancoastalzone.
In generalthe climateof Izmir is mildMediterraneanclimateandbe calledas
half-humid.
InIzmir,therearethreestationswherethemeteorologicaldatais gathered.These
are;theone,whichhasservedasIzmir'smeteorologicalstationsince1929,locatesin the
urbanareain GOzelyah.The secondone, which is smallerthan GOzelyahstationis
locatedintheresearchareaof AgriculturalFacultyin Bornova.Generally,it servesfor
thescientificresearchesof AegeanUniversity.Thethirdstationin <;iglis undermilitary
use,howeverinrecentyearsit hasbeganto servealsofor civicuse.
Theclimaticcharacteristicsof Izmir is goingto be expressedaccordingto the
datatakenfromthosestations.Theothermainsourcewhichwasusedfor in establishing
thispartis a masterthesis"TheWind Propertiesin Izmir",preparedby ErcanKtlmyin
AegeanU iversity,Departmentof Geography.
Inaccordancewiththedatatakenfrom3 meteorologicalstations;
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The annualtemperaturesare 16,8°C (<;igli),17,5°C (Guzelyah)and 17,2°C
(Bornova).TheminimummontWyaveragetemperaturesoccurin January(Bomova8,1°
C, l;igli8,2°C andGuzelyah8,6°C). After May, thetemperaturebecomeshigherthan
theannualveragetemperaturesandreachesits highestvaluein July (Bomova27,2°C,
~igli26,9°C andGuzelyah27,5°C). Till October,the temperatureremainsover the
annualveragetemperatureandthenbeginsto decrease.During the cold period,the
montWyaveragetemperaturesareabout9°-10°C however,it sometimescomeupto 21°
C. Ontheotherhand,thetemperaturesin summersometimesincreaseover40° C. The
observedhighesttemperatureswere; 42,9° C in July, 1973 (Bomova), 42,7° C in
August,1958(Guzelyah)and 41,7° C in June, 1973(<;igli).In additionto highest
degrees,theobservedlowesttemperatureswere;_8,2°C in January,1942(Guzelyah),-
7,60C in 1964(Bomova)and-5,6°C in 1973(<;igli).Thesevaluesrelatedto average
monthlyandannualtemperaturesaregivenintable6.6a,6.6band6.6c.(Fig. 6.8)
Thetable6.7showsthemonthlyaveragetemperatureswhichwereobservedin 4
stations.The valuestakenfrom <;iglistationis given with the standarddeviations.
Accordingto thetable,whenthemontWyaveragetemperaturesin 4 differentsitesare
compared,thesituationis that,theobservedtemperaturevaluesmostlydependon the
locationof themeteorologicalstations.Guzelyahstationis locatedin the high-dense
urbanareawheretheeffectof heatislandis exactlyseen.The stationin Bomovais also
affectedbytheurbanareasaroundit.However,in<;igli,thestationis locatedonanopen
areawhereit facesthe sea effects.There is approximately1° C differencebetween
temperaturesinGuzelyahand<;igli.
Izmir,likemanyotherlargecities,hasexperiencedthroughtheyears,theincrease
ofitstemperaturewhichis becauseof heatislandeffect.
It is knownthattheformationof heatislandsin citiesdependsontheamountof
sunradiationreceived,theamountof evaporation,ventilationandotherclimaticfeatures
andalsoon thecity morphologyand configuration,population,activitiestakenplace,
etc.
Theincreasein temperatureswith respectto heatislandeffectin Izmir canbe
demonstratedby thegraphicsof annualaverageminimumandmaximumtemperatures
andailytemperaturechanges.
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Table6.7 . Monthlyaveragetemperatures
Months GuzelyahBornovaMenemen<:igli
January
8.68.27 47.6±0.92
February
9898.24±2.00
Ma ch
11.111.10 910. 5±1. 0
April
5 534 64 6 0 3
ay
0 429 89 3 1
June
072 77
Jul
7 67 55 9
ugust
300 2
September
321 6 6
October
88 47 3 55
November
42 5 49
D c
1 .49 5 .46
nnualavo
(ITO,1995)
In thegraphof annualminimumtemperature,thelineartrendshowsthatthere
hasbeenan increasein temperaturesfor 62 years(Fig. 6.9a). Accordingto thefigure
6.9btheannualmaximumtemperatures,themaximumvaluesof temperaturehasbecome
higherasyearsgo bybecauseof therapidurbanization.And in thefigure6.9c,thatthe
dailytemperaturechangesare illustrated,the linear trend shows that the distance
betweendaily temperaturesbecomeslower in 62 yearstime period. In general,the
lowestdistancesbetweenday andnighttemperaturesoccur in summerandtransition
seasons.
If thesolarradiation,sunanglevaluesandsunshinein Izmir is considered;The
sunanglevaluesfor Izmir areasbelow:(Table6.8)(Seng6z,1995)And thefigure6.10
illustratestheseangles.
Table6.8Thesolaranglevaluesfor Izmiratnoontime.
Dayoftheyear Altitude(h)Azimuth(S)
(15.1.1995)15
30.28°59.72°
2 46
8 61 4
3 74
4 774 23
4 05
6 92 06
5 3
7 91 1
6 6
4 81°5 19
7 9
3 036.97
8 227
5 34 6
9 8
5 43
( . 0.1 95) 8
1. 58 5
1 19
2 407 0
2 4
2 °6
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Fig. 6.9 The graphicsof (a) annualaveragerrurnmumand (b) maxImum
peraturesand(c) dailytemperaturechanges(Temu9in,1995;pp:84,86,88)
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THE SOLAR ANGLES VALUES FOR IZMIR AT NOON TIME
15 . 1. 1995 h 30. 28' 15. 7 . 1995
L15 . 2 . 1995 h •38.26 15. 8 1995 h = 65.31°
L15.3.1995 h = 48.77'L 15 . 9 . 1995 h = 53.74°
15 . 4 . 1995 h = 60.98°L 15 . 10 . 1995 h 41.95°
15 . 5 . 1995 h = 70.29'L 15 . 11 . 1995 h= 32.40°
15 . 6. 1995 h = 74.81° 15 . 12 . 1995 h
Fig.6.10.SolaranglevaluesCSengoz,1995)
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In table6.9,theradiationandsunshinepropertiesof Izmir is given.The number
ofmaximumhoursof sunoccursduringMay to Octoberrangingfrom58%to 68% and
themaximumoccursin July andAugustwith93%.Therangeof minimumhoursof sun
isfrom38%to 49%,andtheminimumoccursatDecember.
Thetable6.10showsthehoursof sun,averageradiation,cloudiness,clearand
darkdaysin Guzelyah.DuringMay-Octoberperiodfavorablesunshinedurationis more
thansevenhoursandthenetradiationreachingto theearth'ssurfaceis morethan100
caVcm2peraday.
Whentherelativehumidityin Izmir is considered,it canbeseenthattherelative
humidityis highinwinterandlowerin thesummer.Whenthetemperatureincreases,the
relativehumiditydecreasesandreachesits lowestratioin July andwhenthecloudiness
increases,the ratio of relativehumidityincreases.Accordingto the observations,the
averager lativehumiditiesin July are;53% in Guzelyah,48% in Bomovaand 54% in
~igli.The highestrelativehumidityoccurs in December,Januaryand February.The
highestratiosin Decemberwere;75%in Guzelyah,70.7%in Bomovaand76% in <;igli
(Table6.6a,6.6b,and6.6c).
Whenthe evaporationis considered,it is seenthat,afterMarch, whetherthe
increaseintheamountof radiationor thechangesin pressureandwindconditionscauses
increaseintheamountof evaporation.After reachingits maximumin July, it decreases
graduallytill January.DuringApril andOctober,theamountof evaporationhashigher
valuesbecauseof hightemperatureandlow relativehumidity.
Situatedonthebayandsurroundedby theheights,thegeographicalstructureof
lzmirmodifiestheclimateof the city. And the locationof the heightsdeterminesthe
prevailingwinddirection.
For example;sinceBomova is surroundedby the YamanlarMountainon the
north,Kemalpa~aMountainon thesouthandtheheightsof Manisaon thenorth-east,it
blowsfromeast.Guzelyah,locatedonthesouthof thebay is opento thecirculationof
airmasswhichcomesfromwest.Becauseof thattheprevailingwindin Guzelyahblows
fromwest.In additionto that,theexistenceof Kemalpa~andikiztepelerheightscauses
southandsouth-eastwindsto blow.In <;igli,it blowsfromthenorth. (Fig. 6.12)
Whenanevaluationis madeamongtheprevailingwinds,it canbeseenthat,the
WNW windinGuzelyahblowswiththefrequencyof 15.6%,andW windblows14.0%.
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Table6.9 : SunRadiationandSunshineProperties
IIImVVIIIXXXIAnn.
Hoursof
9 3810.351.443 004 691 22 10 59.59.2 1
sun(T) himReal
3 053 54 46 17 8325
hoursof sun(R)atioof
.0698 687
shine (TIR)D c inati
30° 7'° '736'2 9-
on angle d l!!minNet
5 6..878 .51
radiation c l/c 2/
OK09man,1993;pp:19)
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Table 6.10. Climaticfeaturesobservedin Giizelyahstation(1939-1993)
Months AverageNumber ofNumberof
numberof
radi tioncloudinesscleardaysclou ydark days
daylight
days
hours January
4.4189.075.65.317 38 4
February
9243 40.44-.86 96 5
March
633 23128
April
54 1 6468
ay
97 792
JWle
1.35 10520
uly
2 270 82 .1
ugust
82
S ptember
0.51.
October
5 3
November
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InBomova,thefrequencyofNE windsis 32.2%.North windsblow with thefrequency
of22.9%in <;igli(Table6.11a,6.11b,6.11c)
The wind blowswith its highestspeedin theafternoonwhenthetemperatureis
highestandblowswith lowerspeedsduringnightandmorninghours.The observations
showthat,thehighestwindspeedoccursat 14:00in Izmir. (Table6.12)
Ontheotherhand,it is observedthatin general,thewind speedsarenottoo high
inIzmir.Annualaveragewind speedin <;iglis 2.8m/sn.andthelowestannualaverage
windspeedin Bornovais 1.5m/sn.andtheannualaveragewindspeedin Glizelyallis 2.7
m1sn.
Heatingandcoolingdegree-daysarecalculatedto determinewhetherheatingor
coolingisrequired.
Everydayin whichthedailytemperatureis below 18.3°eis equalto a certain
numberofHDD units.* Thetable6.13showstheHDD andeDD ofIzmir.
Thecalculationof
heatingdegree-days:(I8.3°e - montWyave.temp.)x numbet.9fdaysin
a month
In accordancewith the heatingand coolingdegree-days,table6.14 showsthe
thermicperiods.
Thechartsbelongto Bornova,<;igli,and GUzelyahshow the total numberof
degree-daysfor eachmonthwith heatingdegree-daysabovethe zero line and cooling
degree-daysbelow.It is thuseasyto visuallydeterminebothheatingandcoolingperiods.
(Fig.6.13)
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Table6.11.The frequenciesof thewinds(a) in Giizelyah,(b) in Bomovaand(c) in <;igli
(a)
GiJzelyalt NNNEE EESSSS WW WNNOTAL
January
#of blow312760115305679447458838 8
frequency
.8.3.17511.02 40 10 6.61
Febr~~~
499329675 6 532495.7
March
29 2 39880
April
l5
fr
0 6216
ay__
2
June
32
J ly
73 4
~~. _st_
1413
ptem~~~.
8, 2
October
0
fr
4
November
._--- 17.1frequency 3.1
Dec e e cy
: 7.
nual
99###
frequency
•.....
W
0\ (Source:K,hn9, 1996;pp:42) (cant.nextpage)
Bomova NNNENEEESSS SS WWWWN~OTAL
January_
#of blowa3912352759285130261965
frequency
0.00..241.74 80 55 043.821061 0
February
0774--- frequency4 .6.28 19.
March
1387 279
April
5 6 8
y
24
.
.21
June
- frequency
July
6 99
f.ug ~_
38
fr
53
~~ete~b~~
4
OctoberNovember
.._ ----- 1.8frequency 4 1.2
Dec
48- _. 16.66.55 28 0.90
n l
9
frequency
-
W
--J
(Table6.11.continue)
b.
(Source:K11m9,1996;pp:43) (cont.nextpage)
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00
(Table6.11.continue)
c.
9i(}/i NNNENEEESSES SS WWWWNOTAL
January
#of blow11354121256097835931764 7
frequency
24.7.82.6.513.16 380.1300.0
F:ebrualY.-.
l9644843 08550
March
802 78----- frequency17 49 99
April
6
fr
60721 .
ay
8124
June
90
July
6535 8.
~ugust
347
September
26
October
7
frNove ber
0
.._._---- 10.33.8frequency 3 22 9 2.7
D c
6
nual
24695- 1.610.9frequency 1.2 6.5
(Source:Ktlm9, 1996;pp:44)
Table 6.12. Average wind speeds in different hours
I I I n I ill I IV I V I VI I vn I vm I IX I X I XI I XU I Annual I
Observation7.002.62.6201.972.4
period
14.002.93 354 4
Giizel-
1 84 - 199321..
yah
Mean781
1938 - 1993
Mean3
Observation
.40.
iBor-
9 4 - 19 3.1
nova
Mean
59
0
i
05
C;igli
8
Mean
2
(Kllmy, 1996; pp:56)
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Table6.13.Degree-days
GUZELYALI
BORNOVA<;iGLi
January
303.8316.21 .1
February
2542637 4
March
6940
87
99
July· ..
..August•..
46.5
168
279
1420
October -6.218.
November
12356
December
251.1260.4
HDDs
123 7329.4
C Ds/
925.1··
* HeatingDegree-Days(HODs):
1.Areaswithmorethan5500lIDOs peryeararecharacterizedby longcoldwinters
2.Areaswithlessthan2000HODs peryeararecharacterizedby verymildwinters.
CoolingDegree-Days(COOs):
1.Areaswith morethan 1500COOs per yeararecharacterizedby longhot summers
and substantialcoolingrequirements.
2.Areaswith lessthan500COOs peryeararecharacterizedbymildsummersandlittle
needtomechanicalcooling. (Lechner,1991)
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WhentheclimaticdataofIzmir is summarized;
Theclimateof Izmir is relativelytemperate.Althoughsummersareveryhotand
wintersaresomewhatcold, springandfall aregenerallyquitepleasant,howeververy
short.Theannualsunshineis 61.8%. The regionis characterizedas half-humidandthe
humidityis atthecomfortrangeduringtheyear.
CLIMATIC DESIGN PRIORITIES:
In climateswith veryhotsummersandmildwinters,coolingstrategiesaremore
essentialthanheatingstrategies,andthereforeshadeis moredesirablethansolaraccess.
• Protectfromthesummersun;
• Usenaturalventilationfor summercooling;
• Keephottemperaturesoutduringthesummer;
• Let thewintersunin;
• Keeptheheatin andthecool temperaturesoutduringthewinter.
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Table6.14Thermicperiods
Thermic
DatesDaily ve.Number ofAnnual rat
Cold - cool
21Nov - 28Mar7.4°C -13.6°C12835.1
Tepid
9Mar - Apr14.0° - 7.0°318.5
Hot
2 Ap 10Jun7 8 24 2 C311 8
V ry hot
1 Jun - 28A g25 0 8 5792 .6
Hot
ug 9Oct.go54 3
i
0Oct - 0Nov0 427
'"EgeOvalanruniklimi",Prof.Dr.AsafK~man,izmir.1993
Heating& cooling degree-days(9igli)
.__.~--------
400 ..-- ---.-------.-.-- __
Fig. 6.13.Degreedays(a)of<;igIi,(b)ofGiize1yalt,(c) of Bornova
(coot.nextpage)
(a)
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(Fig. 6.13. cant.)
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6.3.EnergyConsumingFeaturesand EnergyRelatedProblemsof Izmir
First of all, in order to defineenergyefficiency,determineenergyefficient
environmentsandreduceenergyconsumptionin Izmir, theenergyconsumingfeatures
andenergyrelatedproblemsof thecityareconsidered.Thesefeaturescanbe listedas
below:
1. Sectoraldevelopment
2. Urbanformandgrowthpattern
3. Transportation
4. Therelationbetweenthebuiltenvironmentandtheurbanclimate
5. Air pollution
6. Theplanningprocess
,1. SectoralDevelopment
Izmiris a metropolisin whichregionaltrade,industrialandagriculturaldecisions
areundertakenand in which thoseare organizedandcontrolled.Its commercialand
industrialcapacityis increasinglyexpandingcontinuously.
Thisgrowthpotentialin all sectorsis willinglya desireddevelopment.However,
thisprocesshasa significantimpacton theconsumptionlevelof theenergy.Withinan
industrialframeworkhighconsumptionof energymayhavebeena measureof success
butinaccordancewithecological-environmentalapproachthisis failure.
2. UrbanFormandGrowthPattern
Urbanform, growthpatternand densityconsiderationsare the featureswhich
affecttheenergyflow andenergyconsumptionlevelwithinthecity.
Boththerapidincreaseof populationandthe increasingrateof the migration,
duetoIzmir'sindustrialsignificance,havebeenthebasicfactorsthatspeededup theoil-
spillgrowthof thecity.Sincetheareasnearthecenterthatcouldbeopenedup to new
residencesarepreoccupiedby thegecekondus,themigrationto the city couldonlybe
channeledoverto theremoteplaceslike Bornova,Buca andKar~lyakawith the leap-
frog.
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Therefore,this dispersedformhasresultedin a demandfor moreroadswhich
translatesinto more and longer journeys, more congestionand yet more fuel
consumption.
On theotherside,thespreadnew settlementshavegrownwith lowerdensities
whichrequiremoreinfrastructurecosts.Low densityresidentialareasmakesolarheating
morefeasibleandprovidepossibilitiesof generatingrenewableenergy.Howeverthese
factorshavenotbeenconsidereduringtheplanningprocessyet.
In contrastto lower densities,it is assumedthathigh urbandensitiesenhance
energyefficiencyas densityallowsefficientuseof infrastructure.The cityof Izmir has
higherdensitiesbut this doesnot indicatethat Izmir is an efficientcity. Becausethe
technicalndsocialinfrastructureof thecitydoesnotcompensatethehigherdensities.It
isalsoacceptedthathigherdensitiesallow efficiencyfrom thepointsof heatloss and
heatgainhowever,thebuildingwithinthe city is not necessarilydependingon certain
factorsi.e.climate.
In addition,relatedwith the urbanpatternand density,the ratio of open to
developedareas,is low in thecity.The solid-voidratiois significantfor air movement.
Openspacesamongthesettlementencourageanddirecttheair movement.Low ratios
andunbalancedpatterncauselackof ventilation,thereforethermalcontrol.
I
Moreover,the currentgrowthpatternof thecity affectstheenvironmentin an
undesiredmanner.As thesettlementandtransportareasexpandon thenorthandwest
axis,thenatureandlandscapeareincreasinglyfragmentedanddestroyed,wetlandsfilled,
vegetationstrippedoff andtheproductivecapacityof the landis undermined.In short,
theclearing,rubbingandbuildingactivitiesareinterferingwiththeenergyflow andthe
ecosystemofthecity.
3. Transportation
Transportationsector IS an essentialactivityand land-useIn Izmir, thus a
magnificentergyconsumer.
Privatetransportation:
Peopletravelfor a varietyof reasons.The numberof trips thatpeoplemakeis
conditionedby their life-stylesand preferences,their income,the cost of travel,the
amountof timeavailablefor travelandtimeneededto accomplishthetrip. In addition,
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thechoiceof modefor travelingis shapedby the factorssuchas;purposeof journey,
distanceof trip, availabilityand cost of mode, incomeand preferences.All these
considerationsdeterminethetraveldemand.
Today, Izmir -like many other cities- has respondedto travel demandby
expandingthetransportationsupply.This meansbuildingmoreroadto accommodatean
evergrowingnumberof vehicles,insteadof improvingthemobilityof urbanresidents
andtheefficiencyof theexistingtransportationsystem.Therefore,thecostsof increasing
dependenceon cars are becomingapparentsuch as; expensiveroad building and
maintenance,loggedandcongestedstreets,highlevelsof energyconsumptionwith its
attendanteconomicandenvironmentalcosts.
Publictransportation:
Whenthepublictransportationsystemof Izmir is takeninto account,it canbe
saidthatthe presentsystemdoesnot meetthe needsof the developingcity and its
residents.Andthesystemrunsinefficiently.
The systemcontainssegregatedusageof differenttransportmeanswhile urban
transportationproblemsrequireintegratedsolutions.Lackingof integrationlessensthe
benefitsof the rail and seatransportsystemsin Izmir. Anotherfact that reducesthe
opportunitiesof the rail andseatransportis theheavilywideningof landnetworkby
givingweighonbustransportation.Accordingto theresearchmadebytheIzmir Greater
Municipalityn 1989,theshareof theseatransportin Izmir'smasstransportationis only
2%. It seemsthattoday'sshareis notmorethanthispercentagethoughtheprivatesea
transportationhasbeganto servesincelastyear.In additionto these,it canbe accepted
thattheinformaltransitservices-dolmu~,minibuses-arean importantpartof the city
transportation.Although they tend to contributeto congestion,the vehicles,which
operatewithoutimetables,providemorefrequentservicesthanmunicipalbuses.
Theaboveconsiderationshowthatthesystemis highlya fuelconsumerso an
~rpollutant.
The morecritical thing is that sucha public transportationsystemdoes not
persuadedriversto leavetheircarsat home.Whilegivingweighon bustransportation,
aslongasbusesrunonthesamecongestedstreetsasprivatevehicles,theywill neverbe
anattractivealternativefor peoplewho canafforda car.
146
Lastly,theinvestmentof rapidtransitsystemis a positiveenterprisefor theurban
masstransportation.Whethertherearestill somephysicalandtechnicalproblemsand
uncertaintiesaboutthesystem,it is expectedthatthisrapidtransitsystemwill increase
theefficiency.However,in realitythesystemshouldhavebeenconstructedsometwenty
yearsago.
Infrastructure:
The conditionof thetransportationinfrastructureis importantfrom thepointof
energyconsumption.In Izmir, the transportationinfrastructureincluding roads,
sidewalks,crossroadsand also railwaysis seriouslydeficient.There existspoor road
surfaceswhichleadto safetyhazards,congestion,vehicleaging,aswell asincreasedfuel
consumptiona dpollution.
Pedestrianization:~
Withinthe frameworkof efficiency,it is importanto improvethe mobilityof
pedestrians.Therehasbeensomepedestrianizationstudiesin Izmir in orderto improve
pedestrianmovement.Widepedestrianroadswereopenedin activitycenterslikeKonak,
A1sancakndintheotherpartsof thecity.
In this part, the implementedstudiesare investigatedfrom the point of
microclimatendhumancomfort.
In Konak, the wide pedestrianroad provideslinkagebetweenbusinessand
shoppingareaswith heavypedestrianusagehoweverit does not providethermally
comfortablemovement.Widelyopenstreetsto supportwindmovementis desirablebut
therehastobealsoshading.Thearcadedsidewalkis preferredbypedestriansin orderto
protectthemselvesfrom sun.Shadingandlandscapingfor thermalcontrolis deficient.
Theexamplesof pedestrianizationi AIsancakarerelativelymoresuccessful.The east-
westorientedpedestrianroadthatconnectsthe I.Kordon and2.Kordon, is providing
ventilationasbeingperpendicularto theseawithanopenend.The streetis shadowedby
buildingsonbothsidesandtheplantationbalancesthethermalconditions.SevgiRoad,
thetreelinedstreetis a goodexample.Treesprovideshading,ventilationandfreshair.
TheroadbehindtheGazi primaryschoolis anotherpedestrianorientedimplementation
withlandscaping.Thestreetis exposedto sunradiationfromafternoontill earlyevening.
Thesurfacematerialsandbuildingfacadescausereflectionandincreasein theamountof
adiation.
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.4. TheRelationBetweentheBuilt EnvironmentandtheUrbanClimate
The climateof Izmir is not so stressfulalthoughthereare overheatedperiods
duringdaytimehoursin summer.However,thephysicalstructureof thecity,whichhas
formedwithoutconsideringtheclimaticfeaturesthoroughly,causesextremeconditions
bothinsummerandwinter.
Whenthe old structureof the city is examined,it is seenthat the city was
generallyclimateresponsive.The streetswere generallynarrowandcoveredwith the
balconiesor overhangsand the eavesof the two-storiedhouseson both sides.While
thosecoverednarrow streetsprovidedshading,theremightbe lack of ventilation.
However,thehousesweredesignedin orderto providebothsolaraccessandventilation.
Thelonggalleriesandtheterracesat thesecondfloor let thezephyr-theseabreezein.
Moreover,it is knownthatthosehouseshadno chimneysandfireplaces.In cold days,
thecharcoalwasburnedin acontainerfor heating.
Today'scity morphologydoesnot offer an opportunitylike that in the past.
Althoughthe winter is mild in Izmir, high levelsof energyis consumedfor heating
becauseof heat losses. On the other hand, it can be suggestedthat the energy
requirementfor coolingis muchabovetheamountrequiredfor heating.
In thephysicalstructureof thecity,theblocksareparallelto theseathusthehigh
buildingsare elongatedcontinuouslyalong the shore like a wall. Therefore, the
microclirnaticwind patternsfrom the seaare not madeuse of, andthe air corridors
throught einnercityarenotcreatedor undesirablesituationsoccuratdistancebetween
buildings.In general,thereis not a combinedvariationof buildingheights,typesand
sizes.Fiveandeightstoriedapartmentblocksand3 m.sidedistancesaredominantin the
city.So the result is lacking of direct solar access,lacking of air movementand
accordingly,theexistenceof air pollution.Whentheseabreezeslowsdownin theearly
hoursof morningandlatelyin theeveningduringautumnandwinter,theair pollution
reacheshighervaluesin thesettlement.As thebuildingsbecomehigheranddense,and
thegreenandopenspacesbecomescarce,thepollutionthreatsthecitymoreseriously.
As theurbanizationincreases,eachsquarekilometerof theurbanlandbecomesa
moreintensifiedheatingarea.The intensityof heatislanddependsonfactors,suchasthe
absorptionf heatcausedby landcover,the trappingof heatby buildingsbecauseof
theirmassandgeometryandthereductionin vegetation.
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When the climatic data takenfrom 3 differentmeteorologicalstationsare
compared,it is seenthattheurbantemperaturesin Bornovaand Giizelyallarehigher
thanthetemperaturesin <;ioliduringbothin summerandwinter.BecauseGiizelyalland
Bomovaaredenselyurbanizedcenters~on theotherhand<;ioli,locatingon thenorth
growthaxis,hasstill got ruralproperties.In addition,if the last 60 year'sresultsare
takeninto consideration,the observedsituationis that air temperatureshave been
Increasmg.While maximumtemperaturesin summerand minimumtemperaturesin
winterarebothincreasingandthewindspeedsaredecreasing.
Suchcomparisonshowtheincreasingintensityof heatislandin Izmir.Therefore,
itisrequiredto reducethatheatislandeffect.
Increasein temperaturesandin greenhouseffectcausechangesin localclimate.
Thecityof Izmir hasexperiencedtheresultsof globalwarmingwith severeweather
eventssuchasflooding(November,1995).
The relation between heat island effect and energy efficiency in space
conditioningandtransportationconstitutesthebasisof thestudy.It is requiredto look
forthepossibilitiesof mitigatingthenegativeimpactsof heatislandeffectandenergy
consumptionrelatedto urbanizationbydesigningurbanareas.
5. Air Pollution
Air pollutionis anotherenergyrelatedproblemof Izmir. Thereis an important
relationshipbetweentheheatislandeffect,energyefficiencyin spaceconditioningand
transportation.
It wasobservedthatin somecitiestheair pollutionreduces15%-20% of sun
radiation.Someportionof thisamountof lostenergyis absorbedbytheatmosphereand
layerabovethecity.Therefore,thetemperaturein thecityis higherthanitsperiphery.In
theseasonswhen the temperatureand the relative humidity gets higher, the
transformationof S02to sulfateaerosolsoccursfasterandwithphotochemicalreactions,
theformationf smogprocessincreases.The smogoverthecity causesincreasein the
airtemperature.(Temuyin,1995)
Whenthebreezeslows down in the earlyhoursof morningand latelyin the
eveningduringautumnandwinter,theair pollutionreacheshighervaluesin Izmir. The
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observedvaluescan definethe level of air pollution.The average,maxImumand
minimumvaluesof airpollutionin 1993is giveninthetable6.15.
Table6.15.Air pollution
Station AverageS02Max. I Min.AveragePM
Balcova
134439 I 5610200 30
ornova
2748 8925 129
IC mdibi
130792 47855 3
uca
841030I 29
K ~ly ka
1331 6
n k
.51
Giize h
6 637
rye~meizmir(Aver.)
(Source:izmir'inHavaKirlenmesi,Prof.Dr.AysenMiiezzinoglu,1995)
Accordingto theregulationfor air quality,thelimitationsof air pollutionvalues
areapproximately250 microgram/m3for S02 and 200 microgram/m3for PM. In the
table,theaveragevaluesof S02andPM showthatthelimitswerenotspoiledin theyear
1993.However,in thesameregulation,theshort-termlimitvaluesfor 24 houraverages
aredeterminedas400microgram/m3for S02and300microgram/m3for PM.(ITO, 1995)
Itisseenthatthelimitsareexceededuringthedayof theyear.
On the other hand, the annual S02 and PM emissionsfrom heatingare
considerablyhigh in total emissions.The table6.16 showsthe annualS02 and PM
emissionsfromdifferentsourcesin Izmir.
Table6.16TheannualS02andPM emissions
Sources
Fuelsfromheatin
Industrial
Totalemissions
(Source:izmir'inHavaKirlenmesi,Prof.Dr.AysenMiiezzinoglu,1995)
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In additionto domesticfuelconsumption,poweruseis alsoan importantcause
forair pollution. The thermallignite fired power plantshave not enoughcontrol
technologies.Besidesthe qualityof fuel, the combustionequipmentalso createair
pollution."In imperfectcombustionsystems,fuel burningcreatesunburnedgasesand
particlesas well as hazardouscomponentsuchas polynucleararomatichydrocarbons.
(TowardsandAgenda21 in Izmir, 1996)
6. ThePlanningProcess
The currentsituationin Izmir is the haphazarddevelopment.The planning
processi farbeyondthedevelopmentprocess.First theinvestmentdecisionsaretaken
andthenthe plan is producedin a way neglectingthe planningprinciplesand not
dependingona scientificbasis.
In orderto solvetheproblems,it is expectedthatthetransportationmasterplan
andthestructureplanof the city to be complementary,but theplanningdecisionsare
takenwithoutconsideringeachother.Theproductionof theplansandrestrictivezoning
anddensityordinancesare very time consumingand rigid, and are more and more
outdatedat completiontime as it has beenovertakenby eventsin the rapid urban
growth.The enforcementof the plans,on the otherhand is also oftenbeyondthe
capacitiesof theimplementingagencies-andthereforeputsintoquestiontheirefficiency.
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6.4.EnergyEfficient Urban Designin Izmir
Goal:
To reduceurbanenergyconsumptionand its negativeimpactsand to provide
energyefficienturbanenvironments.
~Objectives:
To reduceenergyconsumptionintransportation.
To reduceenergyconsumptionin spaceconditioning.
The relateddata (generalcharacteristicsof the city, climatic data, energy
consumingfeatures,)weregivenin theprevioussub-titles.Nextstep is theutilizationof
thegathereddata throughenergyefficiencyconsiderationsin order to achievethe
objectivesandthereforethegoal.
In the contextof the study, the more emphasisis gIVen.to reduceenergy
consumptioni space conditioning.However, to ensurethe energy efficiencyin
transportation,generalizedguidelinesaredefinedbelow.The studyis enhancedby the
evaluationof buildingregulationsand a case study.The evaluationof the building
regulationswill providea rationalandlegitimateapproachfor solving energyefficiency
relatedproblemsin planninganddesign.On theotherhand,thecasestudywhichwill be
introducedin the next sub-titlesdoes not involvea completeurban designproject,
howeverit will assista frameworkfor theevaluationof energyefficiencyin urbanareas.
6.4.1.Objective1: ReducingEnergy Consumptionin Transportation
• Compactor clusteredurbanform: In newdevelopments,insteadof dispersed
urbanformwithlow densities,compactor clusteredurbanformwithhighdensityshould
beencouraged.In these forms, the integratedland-usesupportsproximity. This
proximityreducesthe lengthof infrastructure,thejourneys,thedependencyon motor
vehicles;shortlyreducesenergyconsumption.
• Mixed land-usedevelopment:Insteadof encouragingresidentialareasas
primaryland-usein new developmentareas,mixeddevelopmentshouldbe allowed,
reducingtheneedfor travel.
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• The mobilityof urbanresidents:The mobilityof urbanresidentsshouldbe
improvedby pedestrianorientedimplementationsand publictransport.Least priority
shouldbegivenoncars.
• Improved transportationsystem:Instead of expandingthe transportation
supply,theexistingtransportationsystemshouldbe improvedfor respondingto travel
demand.
• Efficientmasstransportation:The efficiencyof themasstransportationsystem
shouldbeimprovedby integrateduseof transportmeans.More significanceshouldbe
givenonseatransport.Its sharein masstransportationshouldbeincreased.The existing
railwaynetworkshouldbe improved.The rapidtransitsystemshouldbe completedas
soonaspossibleandintegratedwiththeexistingmasstransportationsystem.
• Improved transportationinfrastructure:The transportationinfrastructure
includingroads,sidewalks,crossroads,etc.shouldbe improvedfor reductionin energy
consumption.
6.4.2.Objective2: To ReduceEnergy Consumptionin SpaceConditioning
The evaluationof the climaticdata showsthat the climateof Izmir requires
heatingandcoolingduringtheyear.
Therefore,anyattempto provideenergyefficiencyshouldcontain reductionof
energyconsumptionbothin coolingandheatinghowevertheprioritydiffersaccordingto
thepropertiesof thesiteandmicroclimate.
Statement1 : Urban centersof Izmir expenenceoverheating,lacking of
ventilationa dairpollutiondueto theexistenceof heatisland.
Consequently,in orderto achieveenergyefficiency,theheatislandeffectshould
bereduced,and/orto reduceheatislandeffect,energyconservationshouldbe provided
inurbancenters.
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Statement2 : Locatingattheouterzones,newdevelopmentareashavelowerair
temperaturesthanthecentralareas.Themicroclimateof thesiteis mainlyaffectedby its
orientation,its topographicalfeaturesandits naturalandscape.The siteis fully opento
directsolaraccessandwindmovements.
In thesecircumstances,duringdevelopmentprocess,theplanshouldprovidethe
utilizationof solar accessfor passiveheating,the suggestedphysicalconfiguration
shouldirectairmovementsfor bothsummerandwinterconditions.The suggestedplan
andthesitedesignshouldpreventheformationof heatisland.
Thefirststatementdemonstratesa situationwhichrequiresresolvingproblemsin
thexistingstructure:
•We do nothavetheabilityto changethepresentstructure.However,afterthe
evaluationf thepresentstructureandthe identificationof the problems,the existing
conditionscanbe improvedby smallscaleurbandesignstudies.In fact,thescaleof the
designandits variablesdependon the inherentcharacteristicsof the site.Besidesthe
physicalpropertiesof the site, the user profile, for what reasonand when-thetime
periods(hours,days,seasons,years)thatthesiteis usedareimportant.Nevertheless,the
designprocessshouldinvolvethe followingbasicunderstandings;the componentsof
microclimatewhichcanaffecttheuseof spaceandcanbemodifiedthroughdesign,the
effectshatobjectscanhaveonmicroclimatecomponents,theeffectsof microclimateon
peopleandbuildingsandthereforeonenergyconsumption.
• WhentheIzmir situationis considered,it is assumedthattheproposeddesign
studiesintheactivitycentreswill requirethe prioritizing of shadingto preventsolar
radiationandmaximizingtheair movementfor naturalventilation.
Thesecondstatementis muchmorerelatedwiththenewdevelopmentareas:
Whenthe futurepopulationof the city and the amountof energythey will
demandareestimated,andthecapacityof thenon-renewablenergyresourcesandthe
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truthof limitsand also negativeimpactsof the consumptionto the environmentare
carefullythoughtabout,the importanceof energyconservationthroughplanningand
designcomesintoexistence.
• At the regionalscale,the potentialof renewableand non-renewablenergy
resourcesof the region can be determinedand renewableenergyresourcescan be
recommendedfor futureuse.
The Aegeanregionhasthe potentialof solarenergy,wind power,geothermal
energy,etc.howevertheyarenot in commonuse.With thedeterminedlocationsand
capacities,theresourceshouldbeutilizedassoonaspossiblewithintheregion.
• At thestructureplanlevel,thepotentialof domesticenergyresourcesandtheir
locationscanbe identifiedandthenutilized.At thesametime,thestructureplanscale
providesto manageandcontroltheurbangrowthpattern,theurbanform,thedensity,
theland-useallocationby anunderstandingof energy-resourceconservationandenergy
efficiency.Sucha sensitiveplanningapproachwill providenotonlyreductionin resource
consumptionbutalsoa significantattemptfor a sustainablefuture.
• Siteplanningandurbandesignareimportantinitiativesfor reducingdepletion
ofnon-renewableenergyresourcesandfor encouragingrenewablenergyresources uch
assunpower.A modificationof the microclimatethroughplanningand designcan
reducetheamountsof energyrequired.Whenthemicroclimatearounda buildingis very
similartothedesiredinteriorconditions,littleor no extraenergyis needed.But, if the
interiorandexteriorconditionsareseriouslydifferentfromeachother,largeamountof
energyisrequired.
In thatcase,besidesmicoclimaticfeaturesandtherelationbetweenthe objects
andthecomponentsof microclimate,buildingregulations-legitimatetools- can be
consideredas variablesof energyefficienturban planning.Zoning regulationscan
providethereductionin energyconsumptionfor spaceconditioningandpromotetheuse
ofsolarenergy.The evaluationof currentbuildingregulationsis given in the next
subtitle.
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• Besides influenceof planningand design process to energy efficiency,
municipalitiesshoulddeveloppoliciesto promoterenewableenergysourcesboth in
publicbuildingsand privatedevelopments.Solar heating,wind power, geothermal
energyareallpossiblerenewablenergysourcesfor domesticuses.
• Communitiesshould also encourageresidentsto use efficientheatingand
coolingsystems.Most of thebuildingswithinthecityhaveinteriorheatingsourcesof
stoves(whichareburnedwithcoal,wood,fuelor electricity)or otherindividualheating
equipment,insteadof centralheatingsystemastheweatheris nottoo cold in thewinter,
inIzmir.However,suchindividualheatingequipmentdoesnot providea satisfactory
heatingdueto thequalityof theequipmentor theresourceandthelevelof insulationin
buildings.
• Moreover,landpoliciesandregulationscouldencouragedevelopersto design
forenergyefficiency.Housescanbebuiltto behighlyenergyefficient.A well insulated
wallandceilingcanreduceheatlossto verylow levels.However,themajorityof the
dwellingsin Izmirhaveabsolutelylow levelsof insulationandhaveleakyjointsbetween
wallsandwindows,doors.
• In Izmir situation,the new developmentareason the growth axis should
providetheutilizationof solaraccessfor passiveheating.Thenewphysicalconfiguration
shouldirectair movementfor both summerand winter conditions.In short,while
developing,theessenceshouldbe givento energyefficiencyimplementationsand the
newdevelopmentsshouldpreventheformationof heatisland.
6.4.3.SolarAccess Right
Beforetheevaluationof thecurrentbuildingregulationsin Turkey,it would be
preferableto understandthe relationbetweenthe zoning regulationsand energy
considerationssuch as; promoting renewableenergy resources,reducing energy
consumptionor providingenergyconservation.Also, at that point, to introducethe
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conceptof "solaraccessright"would be stimulatingfor theprogressof the research.
Solaraccessright;to preventonepropertyownerfromblockingsunlighto another.
The orientationof futuredesignto assuresolar accesswill be a significant
contributionto developmentof theuseof solarenergyandthisis entirelydependenton
thelegalframeworkin connectionwith existingstructuresaswell asconcerningfuture
development.(Coplan,1981)
In orderto protectsolaraccessas a localoption,it is requiredto incorporatea
concernfor solar accessinto the regularplanningprocedure.Building and zoning
regulationscanpromotetheuse of renewableenergyresources-solarenergy:What is
importanthere is to assuresolar access.In the urbancontext,obviouslynot every
buildingcanfacesouth,southeastor southwestandaccessto sunbecomesevenmoreof
anissuewhenthedensityof urbandevelopmentincreases.In thatcase,besideszoning
regulationsconcerningenergyconservation,solaraccessrights,right-to-lightlaws are
proposedandexploredin JapanandCalifornia.(Stephens,1980)(AppendixB)
However,today,mostcountries-so doesour country-do not as yethavesolar
easementstatutes.However,buildingscouldbe designedso thateachpropertyowner
respectshe accessibilityof othersto solar right. Being a legitimatetools, zoning
regulationsan be suggestedfor assuringthis solaraccess-solaright. It is clearthat
zoningis mostlyconcernedwith height and setbackrequirements,however these
buildingheights,plotandbuildingdensities,buildinglinesandsetbacksdirectlyaffectthe
solaraccessandenergyconsumptionin spaceconditioning.Therefore,the regulations
shouldpromotetheuseof solarenergyandthereductionof energyconsumption.While
encouragingthereductionof energyconsumptionandthe use of solar energy,urban
planningcodesandbuildingregulationshouldlimitindividualrightsin orderto achieve
benefitsfor thecommongood.In thatcircumstances,havingsuchan enforcement,he
orderselatedto buildingshouldincorporatetheconsiderationslocaltopographyandthe
climateaswellasland-useanddensity,heightandsetbackrequirements.
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6.4.4Evaluationof Building Regulationsand Planning Implementations
WhenthebuildingregulationsatUrbanDevelopmentAct NO.3194aregenerally
takenintoaccount,it is seenthatthereis no regulationaboutsolaraccessandorientation
isevennotmentioned.Thereis alsono regulationrequiringlandscapingbe an integral
partof thephysicalstructure.Thetable6.17containsthecurrentbuildingregulationsin
Turkey.
What'sclearis thattheregulationsyielda commonbuildingformin allaroundthe
country,in sevendifferentregionsandclimates.Theapartmentbuildingshavingconstant
3 m.sidedistancesareallthesamein Ankara,Erzurum,Adanaandizmir,withalsotheir
architecturalforms.The identityof thecitieswhichhadformedby thecultureandthe
domesticpropertiesof thesitethroughouthehistory,hasbeendiminishingbecauseof
insensitiveimplementations.The architectureandplanningturnintomattersof industrial
productiona dfashion.
The cost of that kind of developmenthas beenhigh in termsof energyand
materialconsumption.Whateverthe domesticsituationis, with massproductionand
transportation-poweredby fossil fuels- it becamepossibleto use the samematerials
everywhereand the desiredconstantinterior thermalconditionsare maintainedby
mechanicalheatingandcoolingapparatuseswhicharealsodrivenbyfossilfuels.
Theevaluationsandsuggestions:
Afterthegeneralizedevaluationat the abovetwo paragraphs,followingis the
details,includingsuggestions.
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Table6.17. Thecurrentzoningregulations
Item13:The lot sizes
Theminimumwidthandlengthsof thelotsresultedfromthe(ifraz)swill bedetermined
byaddingthedimensionsof thebuildingwhichis to bebuilttothegardenandsetbackdistances
with referenceto therelatedcodesof theregulation.In theapplicationof thiscode,6m.is
regardedastheminimumbuildingfacadelength.
Item17:Thewidthof thelot
Intheresidentialandcommercialareas;
• whereconstructionis pennittedupto 4th floor (4this included),thewidthof theplot
must;
- inattachedform :notbelessthan6.00In,
- atthecornerof theblocks :notbelessthansidedistances+6.00m,
- indetachedform : thesumof all sidedistances+6.00m.
• upto 9th floor (9this included),thewidthof theplotmust;
- inattachedform :notbelessthan9.00m,
- atthecornerof theblocks : notbelessthansidedistances+9.00In,
- indetachedform :thesumof all sidedistances+9.00m.
• wherepennittedupto 10thfloorsormore;
- inattachedform :notbelessthan12.00m,
- atthecornerof theblocks :notbelessthansidedistances+12.00m,
- indetachedform : thesumof all sidedistances+12.00m.
Parceldepth:
Intheresidentialandcommercialareas,thedepthof theplotmust;
- intheformwithoutfrontgarden:notbelessthan13.00m,
- intheformwithfrontgarden:notbelessthanthefrontgardendistance+13.00m.
Item26:Floor arearatio
Intheresidentialareaswheretheblockor detachedbuildingcodeis compliedandwhere
DO anymeasureof totalfloorareais issuedbytheplan,thefloorarearatiomustnotexceed40
% inany place.
(cont.nextpage)
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(Table6.17cont.)
Item28:Buildingdepths
As a resultof theuseof theformula,if thedepthof thebuildingwasdeterminedto be
lessthan10.00m., it canbeupto 10.00m.unlessthebackside(rear)distanceis lessthan2.00m.
Item29:
Intheimplementationplans,thenumberof floorsortheheightsof thebuildingsandtheir
correspondingnumberof floorsareto bedeterminedbutnottoexceedthequantitieshown
below:
- for ontheroadsupto 7.00m. : upto 6.50m.of buildingheightandmax.2 of floors
exceptthebasement,
- for ontheroadsof7.00 m.andwider:upto 9.50m.of buildingheightandmax.3 of
floors,
- forontheroadsof9.50 m.andwider:upto 12.50m.of buildingheightandmax.4 of
floors,
- forontheroadsof 12.00m.andwider:upto 15.50m.of buildingheightandmax.5 of
floors,
- forontheroadsof 14.50m.andwider:upto 18.50m.of buildingheightandmax.6 of
floors,
- forontheroadsof 17.00m.andwider:upto 21.50m.of buildingheightandmax.7 of
floors,
- forontheroadsof 19.50m.andwider:upto 24.50m.of buildingheightandmax.8 of
floors
- thefrontyarddistances:thefrontandthesidedistancesto thestreetshouldbeat least
5.00m. forthebuildingsto beconstructedin theresidentialareas.
- sidedistances:sidedistanceshouldbeatleast3.00m.for thebuildingspermittedupto
4 floors(4is included).If morethan4, thesidedistanceswill beincreasedby 0.50m. for each
flooradded.
Thenumberof floorsconsideredin thecalculationof thesidedistancescanbefoundby
dividingtheheightof thebuildinginto3. In thiscalculation,thesurplusvalueexceeding2.50m.
correspondstoaonefloor.
(translatedfromUrbanDevelopmentAct NO.3194)
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• First of all, each city or planning region should have its own zoning
regulationwith respectto the developmentregulationsat Urban DevelopmentAct
No:3194. Theselocal regulationsshouldbe basedon the local propertiesof the site
especiallyon the climaticfeatures,concerningenergyconservation.The neglectedsun
andair movementfactorsshouldbe includedby the zoningregulationsin order to
achieveenergyefficiency.
To basethearrangementof thezoningregulationson sucha conceptmayseem
ratherspecifichoweverthatkind of approachcan providea rationalsteptowardsa
developmentphilosophy,whichhassustainabilityasitsultimategoal.The plannotescan
containthese local building codes which are developedby energy conservation
consciousness.However, it is requiredanotherordinancefor assuringthat eachplan
shouldincludetheaboveconsiderations.
•At UrbanDevelopmentAct, No:3194,anitemdeclaresthat;"aslongasit is not
againsttheregulationsfor implementationplansat 3194,it is themunicipalitiesthatis
fullyauthorizedto take decisionsfor the conditionsthat are not mentionedin the
regulations,consideringthenecessitiesandthecharacteristicsof thesite."
Therefore,if the municipalitiesare licensedto take decisions,they shouldbe
awareoftheimportanceof energyconservationandassuringsolaraccessasarenewable
energy.They should determinethe location of buildings,their densities,heights,
setbacks,buildinglines,etc. by consideringthe site characteristics,climaticfeatures,
orientationa dthesunanglesin orderto achieveenergyefficiency.
Withthepurposeto maketheconsideredapplicationobligatory,the regulations
fordevelopmentplansat Urban DevelopmentAct, No. 3194 shouldincludean item
whichinsistson energyconservation,such as; as long as it is not against the
regulationsat Urban DevelopmentAct, No 3194, the municipalities are fully
authorizedto take decisionsfor assuring solar accessand energy conservation,
consideringthe necessitiesand the characteristicsof the site and the climate, or
shortly;energyconservationand the useof sun as a renewableenergyshould be
providedatall scalesof planning.
Therearetwo conceptssuggestedat theabovestatement;assuringsolaraccess
andenergyconservation.Althoughtheconceptof energyconservationincludestheuse
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ofsun,it is requiredto separatethem.Theconceptof assuringsolaraccessprovidesthe
useofsunpowerasa renewablenergyfor passiveheating.On theotherhand,receiving
full suncansometimesbeundesirablein theregionsthathaslongandhot summersand
canresulthigherenergyconsumptionfor cooling.At thatpoint,asthepriorityis givento
cooling,the necessityof shadingand ventilationcomeinto existence.Thereforethe
decisionsaboutstreetlayout,locationof buildingin relationwith eachother,building
heights,etbacks,etc. shouldprovidereductionin solarradiationand providenatural
ventilation.Controllingair movementis also essentialfor winterconditionsfrom the
pointofheatlosses.
• Furthermore,besidesclimateproperties,the land-usecharacteristicscan also
directlyaffecthedecisiononbuildingregulationsandwhethersolaraccessor shadingis
prior.It is knownthatan urbancenterhashigherair temperaturesandlackingof air
movement.In orderto reducethesenegativeimpacts,shadingand naturalventilation
shouldbeprovidedin thoseareas.Moreover,it is assumedthatin urbancenters,energy
demandsfor commercialandbusinesscentersarehigherfor lightingthanfor heating.A
greaterdependenceon artificialightingmeansthatbuildingneedto usemoreenergyfor
coolingandproportionatelylessfor spaceheating.
On the contrary,receivingsun throughoutthe day is always desirablein
residentialareas.Besidesheatingeffect,receivingsunlightis verysignificantfor physical
andmentalhealthof the people.However,in today'scitiesdwellingswhich doesnot
capableofreceivingsunlighthasaquantitythatcannotbeunderestimated.
As aresult,it canbesaidthatthe building codesshouldbegivenaccordingto
thedifferentland-uses.
•Thereis a parameterwhichhasgreatinfluenceonprovidingenergyefficiency
andsolaraccessandwhich hasnot evenmentionedin the currentzoningregulations.
Thisparameteris theorientation;propersite,lot,buildingor streetorientationto thesun
ortotheprevailingwind.In thatcase,theproperorientationshouldbe determinedfor
thecity.It isnotpossibleto definea constantorientationfor lotsandstreets.Howevera
propero ientationforbuildingscanbeprovidedbyarrangementswithinthelot. In oneof
thepreviouschapter(chapter5), the subtitle5.2.5. includessomeexamplesof the
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arrangementsfor properbuildingorientation.Zoningregulationshouldprovideto have
sucharrangementsandbuildinglinesshouldprovidethesuitableorientation.Therefore,
zoning regulationshouldincludetheproperorientationandbuildinglinesshould
bedefinedbyconsideringtheproperorientation.
•Thedeterminationof suitableorientationfor Izmir;
Firstof all, it is observedthatin Izmir'ssituationthewestorientationcreatesthe
worstconditions.(Fig. 6.14)Therefore,a plannotecanhaveanitemthatdoesnotallow
westorientation.On theotherhand,it is seenthatsouth,southeastandsouthwestare
suitableorientations.The figure6.14, illustratestheamountof solarradiationloadsof
differentorientations.Whentheradiationloadsof differentorientationsarecompared,it
canbesaidthatthe rangefor suitableorientationsin Izmir aresouth,south-southeast
andsoutheast.Southeastorientationreducesmoresun radiationload thansouthwest
orientationi the summer.If buildingsneed to warm up quickly in the morning
particularlyaftera cold night,orientationof thebuildingsto thesoutheastwould most
effectivelyharnessolarheatingin thewinter.
• Furthermore,in order to providethe most appropriatecircumstances,the
buildingcodesfor differentland-usesshouldbe given by consideringthe sun angle
values.Theangleof comingsunlight is importantfor thecalculationof theamountof
requiredsolaraccessduringthe day,and moreoverduringthe year.The locationof
buildinginrelationto eachother,thedistancebetweenthem,setbacks,buildingheights,
etc.shouldbedeterminedaccordingto thepositionof thesun.By usingthesunangle
values,theshadowdepthsof buildingsor anyotherobjectin a givendesignareacanbe
calculatedandthedesigndecisionscanbe takenaccordingto theshadowdepthsand
positions.(Table6.18andFig. 6.15)
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Table6.18 Sunanglevalues
December21: wintersolstice(356thdayof theyear)
theangleof
azimuthaltitudeshadowlengthshadowlength
solartime(w)
(8)( )( Ul)( 2)
-64.82°
86.65°3.35°
-49.82°
77 112 49
-34. °
69 9720 034 .20
-19.82°
4 25 3 751
0°
61.89°1 029 086
15°
3. 7°51 44
30
6 8
4
7 . 89
6
8 6 43
64.
86.65°
June21: summersolstice(l73rd dayof theyear)
fl time
l
-10 .79°
7 °0 2
-9 .79-79.
83
64
33
4
415. 2
3
0 11 9
- .79°
5 5.
0°
15
15°
7240 45
7
2 2
5°
4 °
10 .79°
cont.nextpage) 1
65
(Table6.18cont.)
March 21: equinox(81stdayof theyear)
theangleof
azimuthaltitudeshadowlengthshadowlength
solartime(w)
(8)( )( Ul( 2)
-88.07°
88.49°1.51°
_73°
76.76°13 24
-58
65 4924 513 .73
-43°
5 03 25 07
28
44 6 20.
_1 °
093 310 6
0°
38. 6°1
15°
40. °14
3
7 786. 822 5
6
37 8
.
88 49
September23:equinox(267thdayof theyear)
theangleof
azimuthaltitudeshadowlength.shadowlength
solartime(w)
(8)(h)( Ul)( 2)
-91.76°
92.25°- .
-76.76°
80 569.44°
-61. °
69 02 840.804 9
-46.76°
58 631 425 34 14
31
3718.112
1
77 3
0°
39. 7°2 95
5°
42. 00
30
°5
4
57. 2736 103
7
7 1 .7
9
.2
• Theabovetableshowstheazimuthandsolaranglevaluesat thewinterandsummersolstice,
andequinoxesin accordancewiththesolartimein Izmir.
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• Each15°representsonehour.
• Thesolartimevaluesaretakenfrom"Giine~EneIjisi temelleriveUygulamalan"by Prof.Dr.
Ing.GiirbiizAtagiindiiz.
• Theazimuthandaltitudevaluesarecalculatedbytheformulabelow:
cosa == sin<I> * sin cr +cos<I> * coscr * cosU)
cr =declination
cr =23.45* sin(360*(284+n) / 365)
~=38,46
• By usingtheformula(u =H / tanh), theshadowlengthsfor buildingsof 15.50m (ul) and
24.50m(u2)inheightarecalculated.
• To representextremeconditionssuchasthehighestor thelowestpositionof thesunandso
thelongestortheshortestshadowof theyear,thewinterandsummersolsticeareused.
• Indesignprocess,suchvaluesgivenatthetablecanbeusefulin estimatingtherequiredsolar
radiationor shadingatkeytimesof thedayor of theyear.
• A combinationof theregulationsyieldaminimumsituationlikethat;
Theminimumpermissibleplot sizeis 78 m2,with 6 m.minimumplot widthand
13m.minimumplot depth.In relationwith thesemeasures,thebuildingsizeis 60 m2
(6m.10m.).With a depthof 3 m.backgarden,theresultantformis a wall-to-wallstrip
development.Such a form, having2 or 3 storiesseemsquite energyefficient.Let
considertheotheritems.
• Accordingto item29, thebuildingheights(numberof floors)aredetermined
correspondentto thewidthof theroadonwhichthebuildingfaces.It is knownthatthe
widthof the road is determinedaccordingto the traffic load that it carriesand its
characteristicswithinthetransportationsystem.But thelogic to determinethebuilding
heightscorrespondentto thewidthof theroadis notclear.
Whenthebuildingheightsandroadwidthsarecompared,theresultantsituation
seemsnotunfavorablefromthepointsof solaraccessandair movement.However,in
differentmicroclimatesand orientations,the given measuresmay causeundesirable
conditions.In the placeswheresummersare long andtoo hot, thesewide roadsare
underdirectsolarradiationbuttheyprovideventilation.On theotherhand,in theplaces
wherewindblowswith higherspeed,theroadsparallelto theprevailingwindmayhave
stormy,coldconditions.
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6.15.Solartimeandsunangles(adaptedfromAtagiindiiz,1989)
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The existingcorrelationbetweentheroadwidthandbuildingheightis accepted.
However,in order to reducethe negativeimpactsof the correlation,besidesproper
streetorientation,treeplantationon sidewalksandrefugesis required.Especiallythe
mainpedestrianroadsandthesidewalkson widecommercialandactivityzonesshould
betreeplanted.
Therefore,the regulationsshouldincludetreeplantation.
In thefollowingtherearesomeexamples,
Example1: Thesituationisthata 8 storeybuildingfacesanorth-southelongated
road.The sidewalks,approximately4 or 5 m. in wide, aresupposedto carrya heavy
pedestrianmovementhroughoutheday. It is thenoontimeon June21 andthereis a
lightbreezein the air: The resultantconditionis thatthe streetis underdirectsolar
radiation.The sidewalksare not shaded.The hardsurfacecoveringincreasesthe air
temperature.So, thebreezehasno coolingeffectas it carriestheheatedair. (Fig.
6.16)Tree-plantationis neededforbothcoolingandshadingonsi~ewalks.
N
I
9.50 5 5
-
Fig.6.16.Example1:Thestreetis underdirectsolarradiation
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Example2: Thistime8 storeyattachedbuildingsfaceeast-westelongatedstreet.
Theangleof theincomingsunray is 75°at noontimeandtheshadowdepthof
the8 storeybuildingis 6.6 m. (Table6.18) (Fig. 6.17a).At noon time,only the left
gardenis undershade.If the buildinghas no front garden,the left sidewalkwill be
shadedby the buildingentirely.(Fig. 6.17b)Figure 6.18 illustratesthe conditionsat
14:00
Example3: Thethirdexampleis fromanexistingsituationinKordon. (Fig. 6.19)
Thebuildingson theblockwhichis parallelto theseaareattachedin formandthesea
orientedbuildingsthatalsofaces20.00m.roadhave8 floors,atthebacksidefacingthe
10.00 m.secondaryroadthebuildingsare15.50m.in height.
Suchimplementationis convenientto theregulationshowevertheresultantform
providestheworstorientationandatthesametime,thebuildingmassesalongtheshore
blockstheseabreezeanddonotlettheairenterthroughthehinterland.
Therefore,orientationto the sun and to the prevailingwind shouldbe
consideredwhiledeterminingbuildingheights.
• Moreover,the item18refersto the lateralsidedistances.The 3 metersside
distancefor two storeybuildingsis logicalas thatmeasurehasbeengivenby German
plannersfor assuringfull solaraccess.(Akay andAltYner,1994).However,to use that
valueasaconstantdistancein everywhereseemsnotlogical.
Accordingto theitem18,thelateralsidedistanceswill be increasedby 0.50m.
foreachflooraddedafter4thfloor.However,thesidedistancesaremostlyacceptedas3
m. -whichis the minimum-whetherthe buildingheightis more than 12.50m. In
accordancewith the item,thesidedistanceof a 8 storeybuildingwould be 5 m. The
distanceb tweentwo buildingsis therefore10m.
Example4: The dayis December21,andit is noontime.The shadowdepthof
the5 storeybuildingis 29 m. in Izmir. In thatcircumstances,only the lasttwo floors
receivesunlight.However,thatdistanceof 7 m. canbe acceptablein Izmir'sclimatic
conditions.But if theblock is north-southorientedandthebuildingshavebackgarden
whichisonly3 meters,thenorthsidedbuildingshavenochanceto receivesun. (Fig.
6.20)
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To determinethe proper backyarddepth for Izmir, the shadowdepthsare
calculatedfor differentdaysof theyear.If Izmir haslongandcoldwinters,thedepthof
backyardshouldbeacceptedasH. Whentheobservedvaluesof shadeatequinoxandat
wintersolstice arecompared,thedepthof H/2 seemsacceptablefor Izmir. Therefore,
whatevertheconditionis,thedepthofbackgardenshouldnotbelessthanH I 2.
-As it wasstated,thelateralsidedistancesaremostlyacceptedas 3m.eventhe
buildingheightis morethan 12.50m. Solaraccessin summermaynot be desirablein
Izmir,butwhatabouttheairmovement,naturalventilation.
With that3 m.lateralsidedistancesthesubdivisionsbecomehavinglittleor truly
noopenspaces.This situationdirectlyaffectsthe solid-voidratioof theurbanpattern
whichis verysignificantfor air movementin thesettlement.In addition,thesenarrow
lateralspacesandsmallbackyardsdoesnotencourageplantation,landscapingwhichare
knownasnaturaltoolsfor thermalconditioning.
Therefore,theplannotesor regulationshouldinsiston treeplantingon eachlot
howeverin awayconsideringsolaraccessandshading.
On theotherhand,insteadof detachedbuildingformwith 3 m. sidedistances,
moreconvenientenvironmentscanbe createdby attachedbuildingformand.smalland
mediumsizedopen,greenspacesbetweenbuildingblocks.But theproperorientationto
thesunand prevailingwind and a back gardenwith a depthnot less thanH/2 are
required.
In fact, the problemsrelatedto side distancesmostlyoccur becauseof the
changeson the plan.Land prices,urbaneconomics,productionprocess,fashionand
people'sdesireandabilityto acquireall strugglewiththecommongood.The interactions
betweenabovefactorsmakestresson the physicalstructureandthe resultis shortly
reconstructiona d the increasein the numberof floors on an existingplot with the
existingamountof constructionarea.In orderto usethe landasmuchas possibleand
gethemaximumconstruction,theminimumconditionsareaccepted.The outcomesare
increaseinthedensity,insufficiencyin infrastructureservices.
Thereconstructionor thereplacementof theexistingstructureprocesscanalso
beexaminedinthecontextof themainthemeasbelow.
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It is known that existingbuildingsembodyquantitiesof energycapital.They
requireenergycapitalin termsof maintenance,new equipmentor insulation.On the
otherhand,a newconstructionreplacinganold onerequiresenergyfor demolitionand
rebuilding.If the new buildingis constructedas energyefficient,superinsulatedor
servedby solarheating,passivecooling,theremaybea tangibleenergycapitalgain.If
not,theresultis moreenergyandresourceconsumption.
• Theuseof sunfor passiveheating;
In practise,a highresidentialdensity,especiallyfor buildingsover5 storeys,can
notprovidepassiveheating.In that circumstances,the passivesolar conceptcan be
excludedfrom developmentof urbandesignprojects,definingthe exactlocationand
orientationsof buildings,theirshapesandtheirmutualrelationship.
On theotherhand,low densitiesprovidesolaraccessfor passiveheating.While
developingwith lower densitiesthe plan should insist on providing solar heating.
Thedesignof thesitewith setbacks,buildingheights,etc.shouldpreventoneproperty
ownerfromblockingsunlighto another.
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6.4.5.CaseStudy:Egekent-2
In thispart,for evaluatingtheenergyefficiency,anexistingresidentialareais taken
asanexample.Thissampleareais Egekent-2.
First of all, the aimis not to saywhetherthe selectedareais energyefficientor
inefficienthoweverto determineatwhichpointstheareaor theplanprovideefficiencyor at
whichconditionsit is inefficient.Sucha determinationcanhelpto maketheenergyefficient
urbandesignprocessclear.
On theotherhand,the reasonsfor studyingsingleexampleare;firstly,if thereare
somexamplesof energyefficientplanningor designimplementations,in orderto compare
theirefficiencies,two-or-moresamplescouldbe chosen.But thereexistsno development
areawhichhasbeenplannedanddesignedwith theaimof efficiency.Whenthenumberof
examplesincreases,thenumberof variablesfor comparisonincreasestoo.However,aslong
aseachsampleareahasdifferentcharacteristics,to getrationalresultsfromcomparisonis
notpossible.
Thereasonfor choosingEgekent-2is thatEgekent-2MassHousingAreais located
onthenorth growth axis of Izmir. This axis has not completelydevelopedyet. It's
microclimatehasnot entirelybeingaffectedby the processof urbanization.Therefore,a
studyonthisregionmaytakeattentionandbeusedasguidelinesfor newdevelopmentson
thisaxis.
At thebeginningof thestudya check-listis developed.This check-listcanusedto
testandmodifythedesignasrequiredto achievetheenergyefficiency.It will alsoassistto
meettherequirementsandprovideoutlinesfor preparingpreliminaryandfinalplansfor new
developments.Thecheck-listisgivenintable6.19.
6.4.5.1.TheEvaluationoftheSampleArea
The generalpropertiesof the site:A masshousingarea. 16 ha. In size. Its
populationis approximately4800.Its netresidentialdensityis app.400per/ha.It is located
onIzmir-MenemenRoadandit is 30 km.awayfromthecenter.The landis flat.Its climatic
featuresaregiven in the subtitle6.2. in detail. It providesaccommodationfor middle
Incomegroup.
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Urban form: The site is a part of leapfrogdevelopment.But the areaitself is
clusteredin form.Clusteredformprovidesefficiencyfromthepointof spaceconditioning.
Accessibility:Accessibilitydepends_onprivatetransportation.Publictransportation
isinsufficient.Therefore,accessibilityis themajorproblemof thesite.Publictransportation
shouldbeimproved.
Density:Its densityis 400per/ha.And thereforeit canbeclassifiedashighdensity
development.
Land-use:A residentialdominatedarea.Mixed land-useis preferredfor efficiency.
Orientation:Blocks andbuildingshavegenerallyproperorientationto the south,
southeastandsouthwest.
Theevaluationof shadingandventilationconditionsfor coolingrequirements:
• Locationofbuildingspreventshadingin summer.(Disadvantage)
• Shadingelementsuchasarcades,pergolas,etc.donotexist.(Disadvantage)
• Locationofbuildingsprovidesnaturalventilationin summer.(Advantage)
• Street layout parallel to the prevailing winds encouragesair movement.
(Advantage)
• Buildingheightsareuniform.Thismayblocktheprevailingwind.(Disadvantage)
• The ratio of opento developedspacesis appropriatefor naturalventilation.
(Advantage)
• Landscapingforcoolingis notenough.(Disadvantage)
• Surfacecoveringis hard.Thisdecreasesthealbedo.(Disadvantage)
• In buildings,numberof surfaceareaexposedtosunradiationcanbeacceptedas
low. Howeverthisfactordiffersaccordingto typeof housing.(Advantage)
• Numberof surfaceareaexposedto westorientationis low, as most of the
buildingsinthesitefacesouth,southeastandsouthwest.(Advantage)
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• The openingconfiguration(windows,doors)of buildingsprovidesinteriorcross-
ventilation.(Advantage)
Theevaluationof solaraccessandwindprotectionconditionsof thesite:
• Distancebetweenbuildingsprovidesolaraccess.(Advantage)
• Location of buildings in relation with each other provide solar access.
(Advantage)
• Openings(windows,doors)of buildingsfacesouthandletthesunin.(Advantage)
• Uniform heightbuildingsactasawindbreaker.(Advantage)
• In buildings,numberof surfaceareaexposedto thewind is high.(Disadvantage)
• Openingsof buildingsarefacingthewinterwinds.(Disadvantage)
• Landscapingfor wind protectiondo notexist.(Disadvantage)
• Landscapingprovidesolaraccess.(Advantage)
• Communityspacesbetweenbuildingsaresunnyandprotectedbuttheopenspaces,
playgroundsarecoldandwindyspaces.
Thevariablesarealsoillustratedonplans.(Fig. 6.21,6.22,6.23,6.24)
Withrespecto climaticpropertiesof thesiteenergyefficiencyin spaceconditioning
conceptor simplyheatingandcoolingrequirementsof thesitecanbe evaluatedlike that
below;(Table6.20)
The plan and designpropertiesof the site provideadvantagefrom the point of
naturalventilationin summer.However,it is seenthatsolarradiationcontrolby shadingis
notprovided.Lack of shadingandlandscaping,and havinghardsurfacecoveringcause
increaseintheairtemperature.Theairmovementwithinthesitehaslostitscoolingeffect.
In winter,thesitehasadvantageof solaraccessbut it is requiredwind protection.
North,coldwindscauseincreasein heatloss in buildingsandcausestormy,cold exterior
conditions.
Generally,beingfar awayfromthecitycenter,dependingon privatetransportation
andhavinginsufficientmasstransportationaredisadvantagesof thesite.On theotherhand,
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the physicalconfigurationandorientationprovideconsiderableadvantagesfromthepointof
spaceconditioning.
In theexistingsituation,reducingwinterwindeffectshasthepriority.But whenwe
considerthe futuredevelopmentwith currentpolicies,the surroundingof the site will
entirelydevelop.In thatcase,thevelocityof windsboth in summerandwinterwill slow
downandtheair temperatureswill increasebecauseof theurbanization.Thereforeenergy
consumptionfor heatingandcoolingwill alsoincreasewithinthesite.
Howeverfor today'scondition,the bestway to controlwinter winds and solar
radiationis properlandscaping.In addition,whiledecidingon individualimplementationsat
buildingscale,it is requiredrationalmeasurementsfor heatlossandheatgain.
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Chapter7
CONCLUSION
Doesenergyreallymatterin urbandesign?Do we needenergyconsciousurban
design?
Theeffectsof adramaticincreasein energypricesduringtheoil crisisin theearly
1970s,were makingthemselvesfelt in manyways.When the crisiswas over, it was
thoughthatthecrisiswas not sustainedandno energyconstraintshaveactuallybeen
experienced.Thus, theprospectsfor energyconsciousdevelopmenthaverecededand
theincentiveuseof resourcesefficientlyremoved.
However,theenergyconsumptiontrendsin theworldpointout thenecessityof
energyconservation.The amountof humanenergyusetodayis considerablyhigherthan
in 1970s.We areconsumingenergyandmaterialresourcesfasterthantheyarebeing
naturallyregeneratedandthe environmentalcostsarebeingincreasinglyperceivedat
local,regionalandgloballevel.In addition,if presentconsumptionratescontinue,long
beforethereservesareentirelydepleted,thepricesof fossilfuelswill probablyrise to
levelsatwhichfewcanaffordto buythem.
This means,in the future,with the growingnumberof peopleand expanding
volumeof activities,thereappearsto be a significantpotentialthatimpactsassociated
withenergysupplyandusewill seriouslyharmhumanandecologicalwell-being.
Underthesecircumstances,andwhile it is generallyagreedthaturbanizationis
theprimecausefor theincreasein energyconsumption,whatcanwe do asplannersand
designersof thebuilt environmentto anticipatethe inevitablenextenergyshortage?It
maynot be too lateto seriouslyconsiderwhile we still havethe chance.We should
searchfor a balancebetweenresourceuseandconservationin thedesignsandplansthat
wepropose.
Therefore,the goal of energyconSCIOUSdesignis to reduce urban energy
consumptionandthe problemsthatthis consumptioncauses.The rationalefor energy
efficientdesignis notsomuchtheneedto conserveenergyperse,howeverreductionin
energyconsumptionfor theecologicalhealthof thewholeplanet.
Transportationandspaceconditioningarethetwo majorfactorswhichinfluence
energydemandattheurbanscale.Any progresstowarda moresustainablefuturerequire
largepercapitareductionsin theamountof energyrequiredfor spaceconditioningand
transportation.
The rangeof optionsavailableto saveenergyin a projectof almostanysizeis
very wide; Urban form, growth patterndecisions,land-usearrangementsto cut
transportationcosts,densityconsiderationsfor lowerper unit infrastructurecosts,site
planningfor passiveheatingandcooling,buildingdesignthatemphasizesconservation,
the use of other renewableenergyresourcessuch as solar energy,wind power,
geothermalenergy,etc.
But whichalternativeor combinationof alternativescanbe appliedto a project
dependsontheuniquecharacteristics.
Climateis oneof thefundamentalconsiderationin reducingenergyconsumption.
Themicroclimate,whichis madeup of weather,landformsandothernaturalconditions,
determinethedesignstrategies.In addition,themicroclimateof a siteis alsomadeup of
agreatmanysocial,institutionalandeconomicfactors.Thesefactorsmayalsoinfluence
thesite'sefficiency.
In short, the site characteristicsdetermine,the techniquesand methodsto be
appliedandthevariablesof designprocess.
On theotherhand,energyefficiencyor conservationshouldnotbeconfinedonly
to individualprojects.Because,for example;in a project site, if all new housing
developmentswere highly energyefficientbut locatedfartherand fartherfrom city
center,theenergysavingwouldbeoverwhelmedbytheadditionaltransportationenergy
consumption.Furthermore,considerthatin a developmentarea,theuseof alternative
energyresourcesis acceptedasa policy,but if thepatternsof growthanddevelopment
arenotaddressedalongwith specificplanning,designandarchitecturalmeasures,then
theuseof alternativenergysourceswill meanlittle.The form anddensityof housing,
theland-usepatternscanresultmoreenergysavingthane.g.anysolarapplication.
Therefore, energy efficiencyor conservationmust be achievedthrough a
complementaryurbanplanningand desingprocessand it mustbe achievedthrougha
carefullycoordinatedresourcemanagementplan on eitherthe municipalor regional
level.
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Theveryadoptionof anenergyconservationandefficiencyconceptsintomaster
planscanleadto greaterpublicawarenessandto increasedsupportfor legalalternatives
reducingenergyconsumption.
Adoptingordinancesto promoteenergyconservationin almosteveryaspectof
thecommunity,frombuildingperformancestandardsto thereductionof energyusedfor
transportationprovideputtingenergyconsciousnessinto standarddevelopmentpractice
atthemostfundamentallevel.
It is required zoning regulationsto be drafted in accordancewith a
comprehensiveland-useplanandtheplanmustconsiderandpromoteconservationof
energyresourcesandreasonableaccessto solarenergy.
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APPENDIXES
CASE STUDIES
The realityof energycrisisledthearchitects,designers,andplannersto an attitude
aboutenergyresponsibility.Examplesof thoseenergyresponsiveapproachesaregoingto
beintroducedascasestudies.
A commonground for thesediverseattitudesto savmgenergywas to examme
successfulhistoricalprecedentsfor cluesto low cost,energysavingdesignstrategies.For
thatreason,atthebeginningof thecasestudies,theoldsettlementsaregivenas examples.
The furtherstudiesareaboutsolarvillagesandeco-cities.Today'stermssuchas''bio-
climaticdesign", "green design","solar design","sustainabledesign",and "ecological
design"havealreadythesamemainpurposeof whicha balancebetweennatureandthebuilt
environment,anda balancebetweenresourceuseandconservationin theproposeddesigns
andplans.So theenergy-efficiencyis thecommonfeatureof all.
A.I. PrehistoricPueblos
Before the examplesold settlements,from Jeffrey Cook's paper,an introductive
paragraphabout"thePueblo" is given:"Thereareover25000Anasazisettlementsitesin Arizona,
withasmanyinNewMexicoandlessernumbersin ColoradoandUtah.Anasazis theNavajowordfor "the
ancientones".It canalsomean"theotherones"oreven"thealiens".Theirbestknownandadmiredstone
citiesarePuebloBonitoatChacoCanyonandAcoma.TheAnasaziinventionof thepuebloformwasthe
basisof theirdistinctivearchitecture.We maycall themurbanvillagesor miniaturecities,thesemulti-
functionalmega-structuresof stoneandmud.Withina singlearticulatebuildingwereaccommodationsfor
daytodaylife,forthestorageofwealthandforthesocialandspiritualactivitiesthatultimatelyshelterand
succoranysociety.Thusthepueblowasnotonlyan impressivearchitecturalunit,it wasa confirmationof
landplanningphilosophy,of communityresponsibilityanda concretizationof culture."(Cook, 1991;
p:145)
A.i.1 AcomaPueblo,New Mexico
AcomaPueblo,thatplaceda top of a flatandnearlyinaccessiblemesathatrises400
feetfrom the plain,at 35° northlatitude,is an exampleof man-madearrangement.The
Puebloappearsto havebeencontinuouslyoccupiedfor overa thousandyearsanda greater
numberof housesexist today. The climateis generallydesert-like,but ambientair
temperaturesaremodifiedbythemile-highattitude.
The planof the pueblocontains(Fig.A.l), parallelrows of buildingsextendingfor
aboutathousandfeetatjust afew degreesoff aneast-westaxisandterminatingatthesteep
slopesof the mesa,andgapsbetweenhousinggroupswhich are in differentwidth from
minorwalkwaysto majorspaces.The individualhousesof therows sharea commonwall
suggesta modularconstructionin whichunitswereregularlyaddedin a lineusingcommon
wallsto extendin theeast-westdirectionandtheseparallelrows definethestreetswhich
werealsoextendedto theeastandwest.
The Acomahousestepsdown,exposingbroadareasof roof andverticalwall to the
south.The groundfloor extenditsgreatestlengthin a north-southdirectionof theplanand
isgenerallytwelveto fifteenfeetheight.Thesecondfloor is steppedbackandeightto nlme
feetin height.The housealsocontainsspacesin additionto a terraceupontheroof of the
spacebelow.(Fig.A.2) Thewallsarecomposedof adobe-coveredrubblefor thefirst story
andadobe-coveredbrickfor thestoriesabove.Floors androofsareadobepackedon grass
or sticksthatarelaid oversmallwood membersthatspantimbers.All doorsandwindows
originallyopenedoff southfacingterraces.
''Boththeregularityof theplanandthesoutherlyorientationsof thesectionssuggesta
significantrelationbetweenthebuildingarrangementandthesun."(Knowles,1974,pp:30)
Theterracesandsouthwallsof aunitgenerallyreceivethefirstlightof morningandthelast
ateveningduringmostof theyear.Upon theroofs andterracesthesummersunis more
direct,while the winter sun favors the vertical south facing walls. "It is possibleto
imaginethat a peoplefor whom the sun is so importantmightachievesucha delicate
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interactionamongthepartsof theirbuildingarrangementshatno verticalportionof one
buildingevershadestheworkareasof surroundingbuildings."(Knowles,1974;p:30)
The dynamicsof possibleinteractionsuggesthat,by 5:15a.m.all facesof theupper
two storiesarelight.By 7:00a.m.thelightis directeddownthestreetsfromtheeastandis
just beginningto selectdetailsfrom the southwalls, still to the interiorbecauseof the
extremeheightof the summersunanduntil4:00p.m.whenall light disappearsfrom the
southwalls,theopeningsremainin shadow.After thattime,onlywestandnorthwallsare
lighted.When shadowssubduethe streets,only the upper storiesare punctuatedwith
eveningbrightness.The southwallsaremoredirectlyservedby the winter sun.By 8:15
a.m.,lightfallsdirectlyoneverysouthfacingsurfaceabovethefirstfloor.By 9:30a.m.even
the southfacesof the groundfloors arein the light andremainso until 300 p.m. when
shadowsbeginto riseup fromthedarkenedstreetbelow.From thattime,until sunset,the
upperfloorsremainin brightsun.
In order to understandwhat the Acoma modelhas offered,a compansonwith
differentarrangementsof sixvolumesfromtheenergyprofileviewpointcanbe made.The
requiredsituationis the equalizingof energyprofilesbetweensummerand winter. The
resultsof the alternativesare;An energyprofileof thesectionwith terracesto the south
showsa summerincreaseof 187percentoverthewinter.(Fig.A.3a)Whenthetieredsection
is reversedso thatall work surfacesfacenorth,thereoccursa losswith a 33,3percentfor
thewinterenergyprofile,however,duringthesummerthe loss is only about4,5 percent.
Althoughthesameincidentenergyis maintaineduringthehotmonthsof thesummer,the
northernorientationcausesdecreasein the winter energyprofile (Fig.A.3b). A third
alternativewould havebeento lay all six volumesdown on the ground.This horizontal
exposureresultsin am88,4percentincreasein thesummerprofileovertheoriginalsection
whilethewintergainis only26,7percent(Fig.A.3c).Lastly,thearrangementthatstacksall
sixvolumesvertically,exposinga largesurfaceto thesouthoffersa 52percentreductionin
the summerenergyprofile when comparedwith the original sectionand a 17 percent
increasein thewinterprofile.This arrangementis themostappropriatewhichequalizesthe
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seasonalenergyprofiles.However, it was technicallydifficultfor the Acoma cultureto
attain(Fig. A3d).
In thatcircumstances,theAcoma'schoicewasthebest.Furtherinvestigationabout
theAcomastructureis theefficiencyof theform.Efficiencyis takento bea ratiobetween
theenergyreducedby theform (Ei) andtheenergythatcouldbe receivedby all exposed
sunaces(Em).TheratioEi / Em is expressesaspercentefficiency.Accordingto thestudies,
theformis 32,5% lessefficientin theway surfacesareexposedto incidentenergyduring
thewintercomparedto summer(Fig.A4a and4b).
"Sincethesummersunis moredirectuponhorizontalsurfacesandthewintersunis
moredirectupon the southfacingwalls of the tieredsection,it would havebeenmost
reasonableif theverticalwallsreceivingwintersunhada hightransmissionco-efficientand
ahighheatstoragecapacity."(Knowles, 1974;p:31)Conversely,thehorizontalreceiving
theirmaximumenergyin thesummershouldexhibita low thermaltransmissionco-efficient
anda low heatstoragecapacity.As a result;thepueblois an efficientenergysystemthat
tendsto equalizeinternalenergyprofilesovertheextremesof seasonandday.By its shape
andmaterials,it providesaninternalconsistency,a steadystate.
A.1.2.PuebloBonito, Chaco Canyon,New Mexico
PuebloBonito locatesat36° northlatitudeandliesabout100feetsouthof thesheer
rockcliffs of Chaco Canyon.The mile-highelevationmodifiesa generallyhot and arid
climateso thatthewintersarecool andextended.The old pueblowas literallya curved
versionof Acoma.It hadthreetiersandopenedto thesoutheast(Fig. AS).
The authorRalphKnowleshasexplainedtheconstructionof theold puebloas;'1his
simplecombinationof smallhousesbuilt togetherin a crescentmadeuse of relatively
primitivemethodsof construction.The walls were madeof singleblocks of sandstone
rangingto a thicknessof threefeet.Theoutsidewallswerealmosttwiceasthickasattheir
baseas they were at the top. Roofs and floors consistedof crude assemblagesof
cottonwood,pineorjuniperlogscoveredwithamudor adobe."(Knowles,1974;p:35)
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Fig, A.3. A comparisonof seas0I!alenergyprofilesfor variousarrangementsof thesix
volumescomprasingahousingunit(Knowles,1974;pp:32)
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This earlyconstructionshas beendatedat AD. 919. Around AD. 1050- 1060,
strangersmovedintothe region,representedan unknownandquitedifferentcultureand
constructedthenewPuebloBonito. (Fig. A6) The openorientationto thesoutheast,the
gapplacedin thenorthernwall of thethirdtier,andthecutawaywesterncornerare the
aspectsof theold pueblowhicharedistinctiveandresponsiblefor therelationshipto the
sun.
In comparison,theorientationof thenewpueblois directlyto thesouth.The high
wallsaroundtheoutsideof thesemicircletendto shutoff thesummersunriseandsunset
fromtheinteriorof thepueblo,while thelow wall on thesouthtendsto admitthewinter
sunriseand sunsetdirectly into the centralportion.Betweensunriseand sunsetat all
seasons,thesunstrikestheinteriorsurfacesthatmakeupthewallsandterraces.
When the direct incidentener!:,'Yis calculatedper hour on both the old and new
pueblos;theold puebloshowsa summerincreaseof 188percentoverwinterwhile thenew
puebloincreases233percentin summer(Fig. A 7). The energyprofileof New Bonito is
generallyhigher,asNew Bonitohasa muchlargersurfacearea.However,with respectto
incidentenergyperunitarea,thetwo factorsactsomewhatalike.All externalsurfaceson
thetwoformstendto actwithnearlyequalefficiency.The newform'sefficiencyis only 5
percento7 percenthigherovertheyearthantheold form.In fact,thesummerincreasefor
New Bonitois 5 percentlessthanit is for thecrescentof Old Bonito.
Like Acoma,botholdandnewBonitoshowa considerablyhigherpercentageof their
total energygain on the verticalsduringthe winter and on the horizontalsduring the
summer.They bothusematerialson eachof thesurfacesthatwould tendto balancethe
seasonalconditionsregardingtransmittedenergytotheinteriorspaces.
The quantificationof the interactionsof thesun,thecrescentandthesite in energy
termssuggeststhattheBonitianswereawareof therelationshipsbetweentheformof their
constructionsand the dynamicsof earthand sun. Knowles saysthat; "they must have
workedfrom a fairly distinctmental imageor even from a two or threedimensional
physicalmodelof forms."(Knowles, 1974;p:44)Thereis a verystrongvisual recognition
of thespecialtimesof dayin theold pueblo.Sunriseandsunsetof bothextremeseasons
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crescent to the southeast.
The crude construction of
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Bonito, figure 3.
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efficiency(Knowles,1974,pp:40)
All
areclearlyemphasizedinthewaythesunstrikeskeysurfaces.Thereis a higherefficiencyof
bothformsregardingtransmittedenergyto theinteriorvolumesinthewinter.
A.2. VillagesHomes
In 1973,MichaelCorbettacquireda 70acresitein Davis,California.His planwasto
designa modelcommunitythatwouldincorporateaggressivenergyconservationwithsolar
energy.Residentialclustersof varioustypeswould be interspersedwith commercialand
agriculturaluses,whilecommonareaswouldenhancesocialinteraction.
VillagesHomeswas completedin 1982andthe communityhasbecomeone of the
mostdesirablein California'sCentralValley.In thetypicalsubdivision,smaIllots,averaging
about3800squarefeet,aregradedtowardthestreet.Thatsmalllot is enoughfor anaverage
sizedhouseanda smallprivategarden."Lots areplannedin clustersof eightwith each
clustersharinga commonareaof aboutone-thirdof anacre.Thewholecommunityof 220
homesshareslargercommonareaswith playingfields,an amphitheaterand community
gardens.II (Lyle, 1994;p:125).
Most homesaresingle-familydetached.Therearealsosomeduplexesandoneco-op
building.With a few earth-shelteredhomes,stylesvary from New Mexican and North-
westernwoodto Californiamodern.To maximizesolarexposure,housesareorientednorth-
southalongthe street.The streetsof VillageHomesrun eastto westandfeedout to an
adjacentminorarterialstreet.To discouragetrafficandallowtreesto shadetheroadduring
the intensesummerheat, streetsare much narrower than conventionalsubdivision.
Comparedwith thestandardfor theareawhichis 44 feet,thewidth of the streetsare22
feet.Parkingis not directlyon thestreetsbut in parkingbaysprovidedat intervalsalong
theirlengths.Thatresultsin lesspavementto collectheatduringthedayin thatverywarm
climateandmoreareafor plantingfor microclimatecontrol.
In thecirculationsystemof theVillageHomes,muchemphasisis givento pedestrian
andbicyclepathsasto streets.Movementwithinthecommunityis intendedto beentirelyby
footandbicycle.Michael'sviewaboutthecirculationsystemis, "Whenyouminimizetheuse
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of automobilesto conservefossilfuels,for example,thisalsoreducesnoise,conservesland
by minimizingstreetsand parking,beautifiesthe neighborhoodand makesit safer for
children."(Browning,1996)
Theadditionalbenefitof thenarrowerstreetsis thattheairtemperatureoverthestreet
is 10to 15degreeslowerthansurroundingneighborhoods,duringthehot summermonths.
Thatis attributedbothto a reductionin theheat-soakingasphaltmassandthematuretrees,
which shademore of the street area than would occur in a typical development.
Furthermore,between50 % and75 % of heatneedsof villagersarecontributedby solar
energy.All thehouseshave60 % or moreof theirglazingonthesouthside.And themost
basic solar featureson southfacadesare the overhangswhich shadethe housesin the
summerbut allow sun in the winter.The houseshaveextrainsulationin roofs and for
thermalmasstheyhavea concreteslabconstruction.And alsotheyhavesolarhot water
systemswith collectionpanelson theroof So thepassivedevicesrangefrom a few south
facingwindowsto architectJim Zanetto'searth-shelteredsolarhouse,whichhasneverused
anyfossilfuel. (Lyle, 1994;p:125)In Davis,lessthan10% of thehouseshavemechanical
airconditioning.
Whenthedrainagesystemis considered,it is seenthatrunningthroughthecommon
areasis a naturalalternativeto expensiveandwastefulstormdrains.Lots, gradingaway
fromthestreet,therainwatertricklingoff roadsandlawnsfindsitswayintoshallowswales
landscapedlike seasonalstreambedswith rocks,bushesandtrees.Runoff fromthestreets
goesdirectlyinto theselargerchannels.Smallcheckdamshelpslow the flow andprevent
surgesdownstream.(Fig.A.8)
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Fig. A.8 VillageHomes
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A.3 TheHalifaxEcocityProject
"In the Mediterraneanclimateof the TandanyaBioregionof South Australia,the
Ecopolis philosophyis being appliedin a practical,two-prongedprogram of urban
redevelopmentandrural renewal.The communitynon-profitorganizationUrban Ecology
AustraliaInc. (UEA) hasco-initiatedthedevelopmentof the'world's firstpieceof ecocity'
in thecentreof thecityof Adelaide."(Downton,1996;p:5)
BeforeexplainingtheHalifaxEcocityproject,it wouldbe meaningfulto demonstrate
theEcopolisDevelopmentbriefly.''Ecopolisseeksto createpatternsof humansettlementin
whichbuiltformandnaturalprocessesarefunctionallyintegratedto satisfyhumanneedsas
partof thedynamicecologicalbalanceof livingsystems."(Downton,1996;p:19)
Objectives;
1. Restoredegradedland:Rehabilitatingand maximizingthe ecologicalhealthand
potentialofland.
2. Fit thebio-region:Respectingto theparametersprovidedby thebio-region,fitting
into the landscapewith the patternsof developmentfollowing the inherentform and
limitationsof theland.
3. Balancedevelopment:While protectingall existingecologicalfeatures,there
shouldbe a balancebetweenthe intensityof developmentand the ecologicalcarrying
capacityof the land.And also,the built form shouldintegratethe diverseelementsof a
communityto formawholeplaceratherthana singleland-use.
4. Halt urbansprawl:Developinghumanhabitationat relativelyhighdensitywithin
greenbelts of naturallandscapewith the overall developmentdensityconstrainedby
ecologicallimits. The Halifax projectrepresentsa major increasein inner-citydensity
associatedcommunityinfrastructurewhich reducesthe needfor furthersuburbansprawl
with its expensiveand resourceconsumingrequirementfor land, servicesand transport
infrastructure.
5. Optimizeenergyperformance:Operatingat low levelsof energyconsumption,
usingrenewablenergyresources,localenergyproductionandtechniquesof resourcereuse,
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minimizationof energydemandbypassiveheatingandcoolingof buildings,withhighlevels
of insulationand extensiveuse of thermalmass,emphasison public transport,easy
pedestrianmovementandcycling.
6. Contributeto the economy:Supportingand promotingappropriateecononuc
activity.
7. Providehealthandsecurity:In thecontextof anecologicallyresilientenvironment,
employingappropriatematerialsandspatialorganizationto createsafeandhealthyplaces.
The Halifaxprojectcreatesa rangeof publicandprivatespaceswith secureseparationto
privatespacesandvisibleandaccessiblepublicspacesenhancingsecurity.
8. Encouragecommunity.
9. Promotesocialequity.
10. Respecthistory.
11. Enrichtheculturalandscape.
12. Heal thebio-sphere:Contributingto therepairandimprovementof air, water,
soil,energy,biomass,food,biodiversity,habitat,ecolinks,wasterecycling.
The HalifaxprojectEcopolis,whichis opposedto sub-urbanity,promotesa returnto
themeasureof humanbodiesratherthanmachines- 10minuteswalkratherthan10minutes
drive.
Runningin greatparallellinesacrossthe siteof whatwas oncea toxic scar in the
middleof a young colonialcity, thereare walls of 400 mm. thick rammedearth.The
earthquakeresilientwalls,spannedby reinforcedconcretefloors extendthetechnologyof
eartharchitecture.Roof gardensalternatewith steeland copperroofs and more than a
thousandsolarcollectorsmakehotwateror exportelectricityto thegrid.Buildingsrangein
heightfromtwo storeysto five,withpassivecoolingbelvederescarryingwatertanks,stairs
andlifts.
The planninggrid is square.Apartmentblocks enclosesquarecourtyardsand the
square,with theoccasionalinterventionof a circle.Repetitionis avoided.No two plansare
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quitethesame,no courtyardis enclosedbythesameprofilesandeveryelevationis unique,
beingdesignedwithinputfromthehouseholds.
The solarfacingnorthandshadedsouthernfacadeschangeoverthedaysandyearsas
shutters,stainedglasspanels,flyscreens,paintandstainscomeandgo withthefluxof life in
thedwellingstheylight,shade,warmandcool. The eastandwestfacingearthwallshave
lessaperturesfor light,visionandventilation.Each buildinghasan insulationmadefrom
recycledcelluloseorwool blanketsto keepsummerheatoutandsun-trappedwinterwarmth
inside.On theotherhand,to protectpeoplefromincreasingUV, verandahs,pergolas,tents
andtreesareused.
Moreover,the fallingwateron the myriadroofs, solarpanels,paths,balconiesand
verandahs,is collectedand pipedto underground tanks,then pumpedup and filtered
throughreedbedsandaeratedthroughpublicfountainsandwatersculpturescoolingtheair
onhotdays."Somestormwateris directedto rainwatertanks.All of it is storedon-siteand
mixedwith the filteredgray water from sinks, showersand basinsto irrigatethe roof
gardensand balconiesand sustainthe edible landscape,permacultureplantingsand
ecologicalcorridorthreadingacrossthesite."(Downton,1996;p:6 However,the sewage
will be treatedby biologicalprocessesin thesolaraquaticgreenhousein a yearor two. In
additionto that,allthewateronthesitewill berecycledwithinafew shortyears.
Besidessomeon-siteparking,cars are practicallyinvisibleas parkingis provided
mostlybelowground.Havingnothroughtraffic,thepedestrianis in control.Also, thepaths
andtrafficableareascapturestormwaterun-off throughimpermeableor semi-permeable
surfaces.Surfacecarparks,with shelteringpergolascarryingvinesandsolarpanelslike the
ones on the roof gardensare designedas courtyardsfor people rather than autos.
rehabilitatingandmaximisingtheecologicalhealthandpotentialof land.
As a conclusion,thekeyfeaturesof thearchitectureandurbandesignof theHalifax
EcocityProjectaregivenasitemsbelow:
.Energyefficientownhouses
.Apartmentsandtownhouses
.Apartmentsovercraftworkshops
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.Low / middleincomeco-housing
.Apartmentsandoffices
.Middle incomeco-optownhouses
.100% solartownhouses
.Apartmentsovershops
.Buildingformsdesignedfor naturalheatingandcooling
.Mixed use,culturalandcommercialfocusenhancescommunityidentity
.Meetinghall
.Cafe'sandcoffeeshops
.Shops,clinics,etc.
•Ecologycenter- educationandagitation
.Entryways,publicandprivatespacesareclearlydefined
.Relativelyformalstreetfrontagesrespecthecity'splanningheritage
•Verandahedpedestrianstreet
•Verandahsand balconiesreflectboth colonial traditionsand an appropriate
responseto climate
•Verandahsprovidevitalprotectionfromincreasinglevelsof UV
.Communityshadetents- UV protection
.Native vegetationplantedon contaminatedsite to de-toxify soil and create
wildlifehabitat
.Canopy, understoreyand groundcover plantingscreatethe beginningsof an
ecologicalcorridor.
•Villagesquareopenspaceintegralto stormwatercontrol,no stormwaterunoff
to surroundingstreets
.RClinwatertanks
.Stormwaterandgreywaterusedto irrigateonsitevegetationandroofg~rdens
.Rooftop andbalconygardenscontributeto food supplyandsolarthermalcontrol
of buildings
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.Heritagechimneyretro-fittedfor useasa cool tower(Chimneynow mostlikely
to beusedtoventilatetheundergroundcarpark)
.Streettreesprovideshade,filtertheairandareirrigatedbywaterharvestedfrom
thestreet
.Excesspowerfromsolarelectricdevicesis exportedto maingrid
.Clean,quiet,comfortablepublictransportreducesprivatecardependency
.Advancedtraffic managementresultsin safer,narrowerroadsand pedestrian
friendlystreet.
A19
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vegetationfilterstheair AIR
fvod& flower.'!growin thecity EAf~n-:
SUM OF SIMPLE SYSTEMS =SYNERGY OF MULTIPLE BENEFITS
The 'Photovolta1cPergola' roof garden module demonstrates this principlee
WATER water is collected <\nd e.ansed
The whole is greaterthan thesum of the parts...
Photosynthesisis onlyabout1- 2 % efficient.An engineerwouldneverdesigna tree!
thatis exactlywhattheEcolll.,lisdesignphilosophyis all about- eachelementmaynot be100%
lcient in itself,butall theelementstogetheradduptosomethingwitharich,org~ic in~egrity.
Fig. A.II. A detailfromtheEcopolisproject
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A.4. Civano: Tucson's Solar Village
Theguidingplanfor CivanoSolarVillagecanbeexpectedto bethepremierexample
of a resource-basedplannedcommunitywhen completed.It will be one of the most
interestingenergyconservingcommunitywhichreducesenergyconsumptionby morethan
50percenthroughcarefullycoordinatingsitedesignandlanduse.
The masterplanfor CivanoSolarVillage,to be locatedat the easternedgeof the
TucsonBasinin semiaridsouthernArizona,proposesan820acremixedusecommunityof
2500dwellingunitsorganizedaroundthreeneighborhoodcenters,a communityschooland
avisitorcenterandconferencecenterwithhotel.Adjacentto thevillagecenter,therewill be
a lightindustrial,office,serviceandresearchzonedesignedto generate1500jobs. Theplan
incorporates400acresof publicopenspaceandrecreationareas.
The circulationsystemis designedto encouragebothbicycleand pedestriantraffic
althougheachparcelwill be accessibleby automobile.Civanois linkedwith the existing
regionalbussystem,bicycletrailssystemandrecreationalhikingtrailssystem.
Residentialunitswill beclusteredin smalldevelopmentsaroundthevillagecenterand
theadjacentemploymentcenter.Thehighestresidentialdensitiesarewithinone-quartermile
of thevillagecenterto oneper acreat theperipheryof the development.An openspace
systemwill forma continuouslinkagesystem,enablinganopenspace/ pedestrianlinkage
betweeneachresidentialunit,thecommercialcenterandall civicuses.
Thecommunitywill containabalanceof landusesatall stages.Landuseis distributed
sothat50% of theresidentsand70% of thejobs arewithinone-quartermileof thevillage
center.Pedestrian,bicycleandpublictransportationsystemswill beconvenientlylocatedto
originsanddestinationsin Civano,reducingtheneedto relyonpersonalautomobiles.
The residentialdevelopmentis orientedto maximizesouthernandnorthernexposures
andaccessto naturalbreezes,thusmaximizingtheuseof passivesolardesignfor summer
coolingandwinterheating.In addition,photovoltaicsolararraysfor energyproductionwill
beusedto shadeparkingareas,largerooftops.
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Themajorperformancetargetsaboutspecificenergyandresourceconservationare:
- reduceenergyconsumptionby75%
- reducewaterconsumptionby65%
- reduceairpollutionby40%
- reducesolidwasteproductionby90%
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Stateinitiativestoensuresolaraccess'
Colorado
1975CI-1326Createsolarcasements
California
8H 1154 s e
RemovesrestrictivecovenantsMandatespassivedesignin subdivisionsCH 1366
Createssolarshading/nuisanceprovisions
onnecticut
PA 314Enabl s l raccessin planning/zoning
Fl rida
I 09
Georgia
A 44
Idah
29
K sas
77
M yl d
93
Enablessolara cessrestrictionsinne ota
78
c nsiderationsinpl ning/zoningN wJ rsey
56 l
e Mexico
16 "sunright "prov io s
thDako aOrego
3ORS 97Mandatesoc lco rehensivlanduseplanning
(whichincludesonsiderationof renewablenergysour es).Vi gini
3
•Key:solaraccess,accesstoincidentsunlightnecessaryforsolarutilization;solarcasement,
anyeasementdefiningsolarskyspacefor thepurposeof ensuringadequatexposurefor a
solarenergysystem.
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B. SolarAccessRights
Communitieswithenergy-efficientdevelopmentregulations'
ReducingHeatingandCoolingNeeds
Categoryandcounty
1. PortArthur,TX .
2. SacramentoCounty,CA
3. DadeCounty,FL
4. Boulder,CO
5. DouglasCounty,KS
6. KingCounty,WA
7. Davis,CA
8. Davis,CA
9. Davis,CA
ReducingTransportationNeeds
10.Boulder,CO
11.Windsor,CT
12.Davis,CA
;{cducingEmbodiedEnergy
-' Windsor.CT
.-!. King County,WA
i5. Davis,CA
Typeof Regulation
Subdivisionrequirementsfor passivesolarorientation
Resolutionsandadministrativeprocedurefor passive
solarorientation
Siteplanviewcriteriafor energy-efficientsitedesign
Incentivesforenergy-efficientsitedesign
Zoningamendmenttopermitundergroundhousing
Regulationstopermitandencouragetownhouse
development
Zoningamendmenttopermitflexiblesitingof fences
andhedgesfor solarheating
Zoningamendmentto permitgreateruseof shade
controldevices
Landscapingrequirementsfor energyconservation
Incentivesforenergy-efficientlocationof development
Incentivesandrequirementsfor energy-efficient
locationof development
Zoningamendmenttoexpanduseof homeoccupations
Reducedsubdivisionstandardsforstreetwidths
Reducedsubdivisionstandardsfor streetwidths
Reducedsubdivisionstandardsfor streetwidths
Dateaccepted Provision
Sept.1979
Mandatory
1977
Voluntary
1975
Aug. 1977
Ince tive
March,1979
Removesregulatorybarrier
Dec. barrier/encourages9
9
Aug. 7
6
I i /mandatory
Apr. 19791974
Proposed
_._-_ .._------_._-----_._..-- ._._--._- .._---_._._---_./'..~- ,
I
Mandatory
Mandatory
Mandatory
Mandatory
Incentive
Managesandfacilitates
1979
1979
1976
1977
Oct. 1979
1972
17.SanDiegoCounty,CA
18.Albuquerque,NM
19.LosAlamos,NM
20. Lincoln,NB
21. ImperialCounty,CA
UsingAlternativeEnergySourcesandSystems
:6 SanDiegoCounty,CA Mandatoryuseof solarwaterheatersin new
development
Protectionof solaraccessin newdevelopment
Zoningprovisionstoprotectsolaraccess
Zoningprovisionstoprotectsolaraccess
Incentivesfor protectingsolaraccess
Overlayzoningprovisionstomanagegeothermal
energydevelopment
22. Davis,CA D 1 - f
ereguatlOn0 clotheslines"solardryers" 1977 Removesregulatorybarriers
~~~~~~nge chca~etgory!~~exam~esarenotlistedin anyparticular.order,excepthatsimilartechniquesaregroupedtogether.Source:American
ssoCJalOn, nergy- onservmgDevelopmentRegulations:CURRENT PRACTICE" (ANL/CNSV TM 38)U S D f
EnergyandArgonneNationalLaboratory,Chicago,IL, May, 1980,p. 14. - - " epartment0
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